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MODERNIZATION  OF  MENDELEEVAS  PERIODIC  SYSTEM  OF  THE  ELEI-ENTS 


N  P.Agafoshin 

1.  Graphical  representation  of  the  periodic  law  -  Mendeleev ''s  periodic 
ijyctem  of  the  elements,  the  brilliant  consummation  of  a  series  of  endeavors 
to  systematize  the  elements  that  antedated  Mendeleev  -  has,  in  turn,  served  as 
the  starting  point  for  numerous  new  attempts  at  systematization.  We  know  of 
some  150  tables  of  the  elements  published  after  Mendeleev,  20  of  which  have 
been  put  forward  by  cur  own  native  chemists. 

The  motives  behind  these  systematization  endeavors  differ.  At  times  there 
is "the  desire  to  represent  the  periodic  law  more  fully  and  more  clearly, 
graphically  speaking,  plus  an  endeavor  to  define  more  accurately  the  position 
of  various  elements  within  the  system  or  the  analogies  between  them.  Sometimes 
the  changes  introduced  into  the  Mendeleev  table  are  quite  insignificant,  while 
others  involve  a  radical  graphic  reconstruction  of  the  table.  Many  of  the 
tables  put  forward  are  highly  original  and,  by  stressing  Individual  regularities 
expressed  by  the  periodic  law,  have  a  healthy  core  and  hence,  a  raison  d’etre. 

In  most  of  these  tables,  however  (especially  in  those  published  by  foreign 
authors),  the  profound  philosophical  thought  of  the  Mende -eev  system  and  the 
latter's  principal  and  distinct  features:  its  grouping  and  its  "stellate 
nature"  (i.e.,  the  surrounding  of  other  elements  that  is  specific  for  each 
element),  in  other  words,  everything  that  earned  its  •  merited  triumph  and  gave 
it  permanent  significance  is  violated.  The  best  tab^e  would  be  one  that  simply 
and  clearly  represented  a  maximum  of  the  major  physical  and  chemical  properties 
of  the  elements,  their  electronic  architecture,  and  their  dialectical  inter¬ 
relationships.  But  even  such  an  "optimum"  table  could  not,  in  our  opinion, 
encompass  all  the  regularities  embraced  by  the  periodic  law,  the  greatest  law 
in  the  evolution  of  matter. 

2.  Nor  is  there  any  doubt  that  even  in  the  classical  Mendeleev  table 
some  features  no  longer  satisfy  the  accumulated  factual  data  or  the  objectives 

of  a  more  thorough  study  of  chemistry:  both  chemistry  and  the  methods  of  chemistry 
have  made  considerable  progress  during  the  past  80  years. 

As  we  see  it,  the  following  are  among  the  weaknesses  of  the  classical 
Mendeleev  table. 

a)  T.  e  absence  of  electron  stratification.  The  periodic  system  asserts 
periodicity,  but  does  not  provide  a  graphical  representation  of  its  basic  cause  - 
the  recurrence  of  the  electron  structures. 

b)  The  interrelationships  (the  nature  of  the  analogies)  between  the  elements 
of  each  group  are  not  made  clear.  The  elements  of  the  major  subgroup  of  Group  V 
N,P,As,  Sb,  and  Bi,  for  instance,  are  shown  as  analogs  of  equal  value,  which  is 
not  truei  nor  are  the  interrelationships  between  the  elements  of  any  subgroup  and 
the  elements  in  a  subsidiary  (auxiliary)  subgroup  of  the  same  group  revealed. 

c)  The  degree  of  kinship  between  the  major  and  subsiaiary  subgroups  in  any 
group  is  not  Indicated.  For  example,  the  degree  of  kinship  between  the  mangai»se 
subgroup  and  the  halogens  is  represented  as  the  same  as  the  degree  of  kinship 
between  the  scandium  subgroup  ana  the  major  subgroup  of  Group  III  (B,  Al,  Ga, 

In,  Tl),  which  is  far  from  being  the  case. 
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l)  Hydrogen  is  placed  either  in  Group  I  above  the  alkali  metal  (the  older 
versions  of  the  system)  or  in  Group  VII  above  the  halogens  (in  the  later 
editions),  or  is  included  in  both  Groups  I  and  VII,  or  lastly,  it  is  kept  out  - 
of  any  group.  Yet,  all  its  properties,  both  in  the  atomic  and  ionic  states,  as 
well  as  its  capacity  as  a  simple  substance,  indicate  that  hydrogen  belongs  to 
(Groups  I  and  VII  simultaneously.  It  is  the  distinguishing  feature  of  Period 
1  that  the  "transition"  of  properties  from  the  typically  metallic  to  the  typically 
nonmetallic  takes  place  in  this  period  within  the  confines  of  a  single  amphoteric 
element,  hydrogen,  which  is  followed  as  a  rule  by  an  inert  gas  (helium)  to  complete 
the  period.  This  also  applies  to  helium,  all  of  whose  properties  indicate  that 
it  ought  to  belong  simultaneously  to  the  beryllium  subgroup  and  the  subgroup  of 
the  inert  gases. 

e)  The  copper  subgroup  is  assigned  uniquely  to  Group  I,  which  contradicts 
the  maximum  oxygen  valency  (+3)  exhibited  by  the  elements  of  this  subgroup. 

Wheeler  comments  rather  sharply  on.  this:  “Assigning  the  copper  subgroup  to 
Group  I  alienates  a  chemist  and  compels  him  to  regard  the  periodic  system  of 
Mendeleev  with  an  unfriendly  eye  [I].” 

Wheeler  may  object  that  Mendeleev  himself  placed  the  copper  subgroup  in 
Group  I  at  times  and  in  Group  VIII  at  others,  thus  emphasizing  its  dual  nature 
and  its  right  to  belong  to  Groups  VIII  and  I  at  the  same  time. 

f)  The  Mendeleev  table  (like,  moreoever,  most  of  the  other  suggested  tables) 
makes  no  provision  for  the  lanthanides  and  the  actinides;  they  are  either  placed 
in  a  special  subtable,  which  interferes  with  an  analysis  of  their  interrelation¬ 
ships  with  other  elements,  or  the  lanthanides  are  placed  in  the  same  space  as 
lanthanum,  making  an  analysis  of  that  sort  impossible.  Generally  speaking,  the 
exclusion  of  25  elements  from  the  table  renders  the  entire  system  incomplete. 

g)  The  elements  of  each  group  in  the  Mendeleev  system  are  divloed  into  2 
subgroups.  Yet  the  system’s  groups  should,  of  course,  be  "tripled”  rather  than 
"doubled"  if  the  lanthanides  and  actinides  are  to  be  included  in  the  table  - 

and  a  rational  system  must  include  them  -  since  the  matallicity  and  the  electronic 
structure  of  the  lanthanides  and  actiniaes  make  them  a  "second  subsidiary  sub¬ 
group’*  of  the  elements  of  ’Y”  family. 

5)  All  the  tables  of  the  periodic  system  put  forward  during  the  past  82 
years  may  be  grouped  into  six  major  types  [2]t 

a)  Checkerboard  tables  of  the  short  form,  i.e.,  based  on  an  octet  of  groups. 
The  original  table  of  this  type  was  Mendeleev’s  classical  table  of  187O. 

b)  Checkerboard  tables  of  the  long  form,  i.e.,  those  consisting  of  I8  sub¬ 
groups  . 

c)  "Ladder”  tables,  stemming  from  Mendeleev’s  first  table  of  I869. 

d)  Spiral  tables  (two-dimensional),  deriving  from  Hinrichs'  system  (1857). 

e)  Helical  tables  (three-dimensional),  the  first  of  which  was  Chancourtois ’ 
system  of  1865. 

f )  Other  systems . 

4.  A  study  and  analysis  of  the  I50  domestic  and  foreign  tables  of  the 
elements  referred  to,  many  of  which  have  been  proposed  by  quite  eminent  scientists 
(Prof.  Kurbatov,  Prof.  Nekrasov,  Crookes,  Werner,  Bohr,  Soddy,  and  others), 
cannot  fail  to  convince  one  that  none  of  them  is  a  radical  improvement  upon  the 
classical  Mendeleev  table,  from  the  standpoint  of  satisfying  modern  requirements. 
In  most  of  them  the  profound  dialectical  (and,  hence,  scientific)  nature  of  the 


Mendeleev  system  is  violated,  occasionally  disappearing  entirely.  Notwith¬ 
standing  the  fact  that  the  roots  of  periodicity  are  doubtless  embedded  in  the 
structure  of  the  atom,  none  of  the  systematizers  has  attempted  to  ”link" 
the  system  of  elements  to  the  schema  of  electronic  structure  to  "derive**  the 
system  from  atomic  structure. 

The  author  of  the  present  paper  believes  that  Mendeleev* s  periodic  system 
of  the  elements  can  and  must  be  modernized  without  violating  Mendeleev* s  basic 
design  or  its  basic  characteristics  inherent  in  the  system.  This  may  be  done 
upon  the  following  assumptions. 

1.  The  periodicity  of  the  elements*  properties  depends  largely  upon  the 
recurrence  of  the  electronic  structures.  Hence,  the  periodic  system  can  and 
must  be  **derived**  from  the  atomic  structure.  The  atom  of  any  given  element, 
which  Includes  the  electron  configuration  of  the  preceding  element  and  in  turn 

is  a  part  of  the  electron  configuration  of  the  next  higher  elements,  is  necessarily 
dialectically  Interrelated  and  united  with  the  system  of  elements  as  a  whole. 

It  is  obvious  that  the  unit  can  also  be  graphically  combined  with  the  whole  (an 
electron  with  an  atom  of  an  element;  an  element's  atom  with  the  system),  that  is, 
a  sort  of  "system-atom"  can  be  established. 

2.  The  dialectical  spirallike  nature  of  the  development  of  matter  and  the 
transition  of  quantity  into  a  new  quality  may  also  be  represented  graphically; 
the  transition  from  one  element  to  another  takes  place,  on  the  whole,  as  a 
spiral  (symbolizing  the  continuity  of  the  development  of  matter),  via  the 
addition  of  a  new  electron  to  the  shell  and  of  a  proton  plus  the  number  of 
neutrons  required  to  make  up  the  number  (A  -  Z)  to  the  nucleus.  The  gradual 
quantitative  change  in  the  number  of  electrons  and  their  states  (and,  of  course, 
the  change  in  the  number  of  nucleons  in  the  nucleus)  gradually  results  (at  the 
periphery)  in  a  new  quality  of  the  resultant  new  elements,  and,  after  a  full 
turn  of  the  spiral,  in  an  abrupt  reproduction  of  the  original  element  upon  a 
new  and  higher  level  (i.e.,  in  an  element -analog) . 

3=  All  the  specific  features  of  the  classical  Mendeleev  system,  which  has 
proved  its  worth  as  a  scientific  and  philosophical  generalization  of  chemical 
facts,  must  be  retained.  Hence,  the  "stellate  nature"  of  the  Mendeleev  system 
and  its  octet  of  groups,  i.e.,  the  distribution  of  all  the  elements  into  8  groups 
(with  2  subgroups  of  elements  of  the  "s”  family  and  6  subgroups  of  ohe  "p"  family 
which  is  also  best  from  the  pedagogical  standpoint,  must  be  preserved.  (The 
octet  of  groups  is  supported  by  Morozov's  rule  on  the  sum  of  the  positive  and 
negative  valencies  of  the  principal  subgroups  of  Groups  IV,  V,  VI,  and  VII, 
which  totals  8,  by  the  maximum  observable  positive  element  valency,  8,  by  the 
electron  octet  in  various  theories  of  the  chemical  bond,  etc.) 

The  Mendeleev  system  of  the  elements,  as  modernized  by  us  on  the  basis  of 
the  energy  characteristics  of  atoms,  consists  of  a  radial-circular  graph  (see 
the  chart  on  p,  227) »  '  ■ 

The  various  sections  of  the  circumference  (preferably  done  in  color)  represent 
the  various  energy  levels  or  "states"  of  the  electrons:  s  -  p  -  d  -  f  (the  solid 
portions  of  the  circumference  representing  levels  that  are  being  completed,  while 
the  dotted  sections  represent  completed  levels);  the  various  series  of  similar 
levels  -  circumferences  -  constitute  periods,  separated  by  gaps.  The  element 
subgroups  (series  of  electron  analogs)  are  arranged  along  the  radii.  The 
system  begins  at  the  center,  with  the  hydrogen  atom,  progressing  spirally 
clockwl se . 

The  radii  of  the  "principal"  element  subgroups  in  the  table  are  not  arranged 
arbitrarily,  their  location  stemming  from  the  energy  character  of  the  subgroups. 
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As  we  know,  the  important  constants  of  the  atoms  of  the  elements  ares  the  first 
ionization  potential  (characterizing  the  reducing  ability  or  '‘metallicity ,  . 

the  electron  affinity  (characterizing  the  oxidizing  ability  or  '’nonmetallicity ”, ) 
and  the  ’Electronegativity”  (characterizing  the  overall  tendency  of  the  atom 
to  eject  or  add  an  electron.)^ 

The  mean  ionization  potential  (in  volts)  of  a  subgroup  or  the  equivalent 
mean  ionization  energy  (in  electron  volts  or  kilocalories)  and  its  mean  electrone¬ 
gativity  (in  relative  units)  may  be  utilized  in  making  a  quantitative  estimate 
of  the  energy  nature  of  subgroups.  A  comparison  of  these  figures  is  interesting. 

For  the  lithium  subgroup  (Group  l),  for  example,  they  are  4.4  volts  and  O.85, 
respectively. 

For  the  carbon  subgroup  (Ch*oup  IV)  8  volts  and  1.92 

•  "  fluorine  ”  (Group  VII )  12.7  "  "  2.05 

"  “  inert  gases  ”  •  (Group  VIIl)  l6.4  "  ”4 

Rounding  off  these  figures  somewhat  tos 

4  volts  and  Ij  8  volts  and  2.12  volts  and  55  I6  volts  and  4,  we  see  that 

about  the  same  Jump  of  both  the  mean  ionization  potential  (about  4  volts)  and  of 

the  mean  electronegativity  (about  l)  exists  in  the  transition  from  the  principal 

subgroup  of  Group  1  to  the  principal  subgroups  of  Groups  IV,  VII,  and  VIII. 

This  identical  Jump  may  be  represented  graphically  by  the  same  deflection  angle 
(90”)  of  the  radius  representing  the  given  subgroup. If  we  agree  to  place  the 
lithium  subgroup  at  the  left-hand  radius  of  the  diameter,  the  carbon  subgroup 
is  located  at  right  angles  to  it,  the  fluorine  subgroup  diametrically  opposite 
to  it,  and  the  subgroup  of  the  inert  gases  downward,  at  an  angle  of  27O®,  and 
this  determines  the  basic  structure  of  the  table.  The  intermediate  principal 
subgroups  of  Groups  II,  III,  V,  and  VI  may  be  arranged  symetrically  between 
the  specified  subgroups  of  Groups  I,  IV,  and  VII  without  introducing  any  appreciable 
error.  Thus,  the  proposed  modernization  is  based  upon  the  quatitative  energy- 
characteristics  of  the  atoms,  Mendeleev  having  said  that  ’’every  system  founded 
upon  numbers  is  to  be  preferred  to  others. ” 

The  Roman  figures  for  the  eight  principal  radii  indicate  the  number  of 
valence  electrons  (the  number  of  solitary  electrons  in  the  atom  in  the  latter’s 
excited  state),  i.e.,  the  maximum  positive  valence  of  the  element.  The  Arabic 
figures  (and  their  sign)  indicate  the  maximum  (+  or  -)  valence  of  the  element, 
in  terms  of  hydrogen. 

The  "intravalent ”  elements,  i.e.,  those  whose  electron  shells  in  process  of 
completion  (s  and  f  electrons),  constitute  additional  radii  -  subgroups.  Falling 
into  one  or  another  of  the  eight  groups,  depending  upon  the  maximum  positive 
valency  they  exhibit,  they  constitute  "overtones f  of  the  principal  ’’octave”  as 
it  were.  It  is  pedagogically  Interesting  to  represent  their  greater  or  lesser 
kinship  to  the  major  subgroups  in  the  system  graphically;  this  may  be  done  by 
using  different  angles  of  advance  of  the  radii  of  the  major  and  subsidiary 
subgroups ,  corresponding  to  the  differences  in  -the  subgroup  ionization  potentials . 
(This  difference  is  expressed  in  angular  units) .  We  see  at  once  that  only  the 
two  subgroups  of  Groups  III  and  TV  are  fully  akin,  to  the  point  where  some 
scientists  ocnsider  B-Al— Ga— In— T1  to  be  the  ’tiajor”  subgroup,  for  example,  while 

^)  Electronegativity  is  defined  as  the  arithmetical  sum  of  the  ionization  energy 
and  the  electron  affinity,  expressed  in  Cal  per  gram-atom.  If  we  take  the 
electronegativity  of  lithium  as  1,  we  get  the  electronegativity  of  the  other 
elements  in  relative  units. 
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others  regard  B-Al-Sc-Y-La-Ac  to  be  the  major  subgroup.  The  subgroups  of  the 
other  groups,  with  the  possible  exception  of  IV,  differ  substantially  (the 
halogens  and  the  manganese  subgroup,  for  instance).  When  we  examine  any  group 
in  the  diagram,  from  the  periphery  to  the  center,  we  see  that  each  subgroup 
at  the  left  is  more  metallic  than  the  one  at  the  right,  as  in  Mendeleev's 
classic  table. 

The  various  tiny  circles  denote  both  the  electrons  in  various  energy  states 
and  the  elements  of  the  families  corresponding  to  these  states. 

The  various  kinds  of  lines  used  for  the  circumferences  denote  the  course  of 
the  completion  of  the  respective  electron  levels  -  “states".  The  complete 
circumference  of  the  s  level  contains  a  maximum  of  2  electrons  or  elements; 
the  complete  circumference  of  the  p  level  six  electrons  or  elements;  the  complete 
circumference  of  the  d  level  ten;  and  the  complete  circumference  of  the  f  level 
14. 


The  anomalies  in  the  completion  of  the  electron  shells,  the  so-called 
electron  "gaps"  (the  completion  of  the  d  level  at  the  expense  of  the  s  level, 
and  of  the  f  level  at  the  expense  of  the  d  level)  are  denoted  by  arrows. 

Spectroscopic  data  indicate  that  there  are  9  such  anomalies  (these  elements 
are:  Cr ,  Cu,  Nb,  Pd,  Ce,  Tb,  Pa,  Am,  and  Bk) . 

In  contrast  to  the  paths  chosen  by  most  table  constructors,  who  follow  the 
line  of  least  resistance  in  solving  the  problem  of  the  arrangement  of  the  lanthanides 
[l.e.,  by  (a)  not  including  them  in  the  table  at  all,  or  (b)  putting  them  in  the 
same  square  as  lanthanum,  or  (c)  placing  them  in  a  separate  little  table  outside 
the  main  table  itself],  the  lanthanides  eire  an  organic  part  of  this  proposed 
modernization.  Like  the  "actinide*, "  they  constitute  "second  subsidiary  sub¬ 
group-radii,  “  consisting  of  elements  of  the  f  family. 

In  view  of  the  so-called  "internal  periodicity"  within  the  lanthanide  family, 
we  have  arranged  them  in  two  separate  series,  in  circles  of  Period  6.  This 
emphasizes  their  pairing  (noticed  long  ago  by  Mendeleev  and  Klemm,  and  later  by 
Shemyakin,  Nekrasov,  and  Syrkln),  which  is  due  to  the  order  in  which  the  seven 
f  places  are  filled.  The  lanthanide  pairs  have  been  allocated  as  suggested  by 
Shemyakin  [5]  and  Klemm,  along  the  system  radii  III,  IV,  V,  VI,  VII,  and  VIII 
(2  pairs).  The  assignment  of  the  Gd-Lu  pair  to  Group  III  and  of  the  Ce-Tb  pair 
to  Group  IV  is  based  upon  their  actually  manifested  maximum  valency;  the  other 
pairs  may  be  regarded  as  subgroups  of  Groups  V-VIII  (  in  accordance  with  their 
theoretical  maximum  valency,  the  coloring  of  their  ions,  and  other  regularities 
in  their  properties). 

Group  VIII  of  the  elements  consists  of  a  main  group  (the  inert  gases)  and 
a  subsidiary  metallic  subgroup  of  Fe-Rur^Os.  Group  IX  (the  zero  group)  is 
eliminated,  and  Mendeleev's  original  octet  of  groups  is  re-established.  In  a 
broader  sense,  the  "extra  subgroups*  (in  H.A.Morozov' s  terminology  [4])  of 
cobalt,  nickel,  and  copper  may  also  be  assigned  to  Group  VIII.  The  characteristic 
that  is  common  to  most  of  the  elements  in  Group  VIII  (with  the  exception  of  Ru 
and  Os)  is  the  failure  of  the  maximum  observed  positive  valency  to  ag^ee  with 
the  group  number  (in  the  table  issued  by  the  USSR  Academy  of  Sciences  on  the 
centenary  of  Mendeleev's  birth  the  iron,  cobalt  and  nickel  subgroups  are  con¬ 
sidered  to  be  subsidiary  subgroups  of  Group  VIII,  with  the  inert  gases  as  the 
major  subgroup  [5])* 

In  the  proposed  modernization  of  the  table  the  copper  subgroup  constitutes 
a  transitional  group  between  Groups  VIII  and  I;  it  may  be  regarded  both  as  a  sub¬ 
group  of  Group  I  (from  the  analogy  of  its  electronic  structure  and  the  isomerism 
of  its  salts)  and  as  a  subgroup  of  Group  VIII  (from  its  maximum  observed  positive* 
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valency  of  5).  This  is  in  conformity  with  Mendeleev's  own  view  of  the  copper 
subgroup. 

The  analysis  of  the  degree  of  resemblance  (analogy)  between  the  elements 
within  the  groups  and  subgroups  is  of  considerable  importance  both  scientifically 
and  pedagogically.  Prof.  B.V. Nekrasov,  for  Instance,  writes:  '•Thorough 
treatment  of  the  periodic  system  is  possible  only  when  we  make  allowance  for 
the  structural  features  of  atoms,  not  only  in  their  neutral  state,  but  also  in 
all  their  typical  valency  stages"  [6]. 

In  the  proposed  modernization,  this  classification  of  the  group  elements 
into  3  subgroups  is  supplemented  by  graduations  into  seven  qualitatively 
different  kinds  of  analogies  (homologies),  represented  graphically  by  different 
types  of  lines: 

Complete  analogies  (in  the  atomic  and  ionic  states),  such  as:  Na-K-Rb-C s— Fr . 

Partial  analogies  (analogies  in  the  atomic  state,  though  not  in  the  ionic 
state),  such  as:  Na-Cuj  Al-Ga. 

Analogies  only  at  the  "characteristic "  valency  (corresponding  to  the  group 
number),  such  as:  S  and  Crj  Cl  and  Mn. 

Analogies  at  valencies  other  than  the  characteristic  one,  such  as:  N  and  PJ 
0  and  Sj  and  F  and  Cl. 

The  cases  of  H-Li  and  He-Br,on  the  one  hand,  and  of  If-F  and  He— Ne,  on  the 
other,  are  two  special  types  of  analogy.  The  first  of  these  types  comprises 
elements  that  are  related  only  as  far  as  the  physics  of  the  atom  is  concerned, 
i.e.,  belonging  to  the  same  (s)  family,  but  not  related  in  the  ionic  state 
(Lf^  and  Be'^'^  as  ions,  and  and  He"'"'’  as  elementary  particles)  j  the  second  type 
consists  of  elements  that  are  related  solely  in  the  physical  properties  of 
simple  substances  (or  as  negative  ions,  as  in  the  case  of  H  and  F) ,  but  belong 
to  different  electronic  families. 

The  table  obviously  permits  of  further  extension  of  similar  qualitative 
I  differentiation  of  the  degree  of  resemblance.  Thus,  the  Cr— Mo-W  subgroup, 

j  established  on  the  basis  of  complete  analogies,  may,  like  the  elements  of  other 

I  subsidiary  subgroups,  be  subdivided  graphically  into  smaller  subgroups:  a) 

i*  Cr-Mo,  and  b)  W  (based  upon  the  difference  in  the  number  of  unpaired  electrons 

in  the  ground  state,  according  to  Syrkin) . 

5.  Summing  up,  the  author  believes  that  the  modernized  Mendeleev  periodic 
system  of  the  elements  possesses  the  following  superiorities  over  the  old 
classical  form  of  the  system. 

a)  The  origin  of  the  system  from  the  development  of  the  atom  and  the 
dialectical  interrelationships  of  the  whole  (the  atom  and  the  system)  and  of  the 
unit  (the  electron  and  theelement)  are  clearly  represented  graphically.  The 
nucleus,  consisting  of  Z  protons  and  (A  -  Z)  neutrons  for  each  element,  is  placed 
at  the  center  of  the  "system-atom. "  Thus  the  cornerstone  of  the  periodic  law  is 
represented  graphically:  the  table  does  not  contain  two  electrons  that  do  not 
differ  either  in  their  orbits  or  in  their  different  "place"  in  the  orbit 
(both  of  their  factors  reflecting  their  differing  energy  states) .  The  discreteness 
of  the  electrons'  energy  states  results  in  discreteness  of  atomic  structure  and 
ultimately  in  the  individuality  of  the  elements  and  the  discreteness  of  their 
properties (the  influence  of  the  constitution  of  the  nucleus,  which  is,  no  doubt, 
negligible).  This  is  the  underlying  idea  of  the  table. 

b)  The  following  factors  are  clearly  represented  graphically:  the  spiral 
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1  -  Neutron;  ^  -  proton;  3  -  s-electrons  (elements  of  the  s  family);  4  -  p-electrons 
(elements  of  the  p  family);  5  -  d  electrons  (elements  of  the  d  family);  6  -  ^  electrons 
(elements  of  the  J  family);  7  -  the  s  or  p  levels  ("states")  of  the  outer  quantum  shell 
(i.  e. ,  corresponding  to  the  period  number)  are  being  completed;  8  -  the  s  (or  p)  level 
is  completed;  9  -  the  level  d  of  the  preceding  quantum  shell  is  being  completed;  ^  - 
the  d  level  is  completed;  -  the  j_  level  of  the  preceding  (third  from  the  outside) 
quantum  level  is  being. completed;  10a  -  the  J[  level  is  completed;  ^  -  groups  of  the 
periodic  system;  -  periods;  ^  -  electron  quantum  shells. 

Types  of  element  analogies; 

a  and  b  -  Complete  analogies  in  the  atomic  and  ionic  states 
c  -  Incomplete  analogies  (analogies  only  in  the  atomic  state), 
d  -  Analogy  only  at  the  characteristic  valency  (corresponding  to  the 
group  number) 

e  -  Analogy  at  valencies  other  than  the  characteristic  one. 
r  and  g  -  Special  kinds  of  analogy. 
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nature  of  the  development  of  matter  as  well  as  fundamental  features  of 
dialectical  materialism  (the  interrelationship  and  reciprocal  transition  of 
phenomena j  the  continuity  of  development!  the  transition  from  an  old  qualitative 
state  to  a  new  one  via  quantitative  changes;  and  the  unity  of  opposites). 

c)  The  table  combines  the  Mendeleev  physicochemical  systematization  of 
the  elements  into  groups  with  an  electronic  systematization,  arranged  according 
to  the  levels  of  electronic  states,  as  based  upon  spectroscopic  data  and 
without  violating  the  Mendeleev  grouping,  as  well  as  according  to  the  principal 
quantum  layers.  The  electronic  formula  of  any  element  can  be  readily  derived 
from  the  table  graphically  by  computing  the  completed  electron  shells  (circum¬ 
ferences)  crossed  by  the  radius  on  which  the  given  element  is  located. 

d)  The  table  solves  the  problem  of  arranging  the  lanthanides  on  the 
basis  of  the  periodicity  existing  within  that  family  and  also  makes  it  possible 
to  establish  an  analogy  between  them  and  the  actinides  as  well  as  elements  in 
the  other  families . 

e)  The  problem  of  the  location  of  H  and  He,  which  belong  to  two 
different  groups  at  once  on  the  basis  of  their  aggregate  properties  in  the 

atomic  and  ionic  state:  the  former  belonging  to  the  alkali  metals  and  the  halogens, 
and  the  latter  to  the  beryllium  subgroup  and  the  inert  gases,  is  solved  in 
conformity  with  the  factual  chemical  data. 

f)  The  problem  of  the  position  within  the  system  of  the  copper  subgroup, 
which  belongs  simultaneously  to  Groups  VIII  and  I,  is  solved  in  conformity  with 
its  chemical  properties. 

g)  The  table  defines  the  ‘Ttinship"  between  elements  of  the  principal 

and  subsidiary  subgroups  in  each  group  by  means  of  the  different  angle  of  advance 
of  the  radii  of  these  subgroups. 

h)  The  table  makes  it  possible  to  establish  a  graphical  differentiation 
between  various  kinds  of  analogies  between  elements,  which  is  needed  to  subdivide 
them  into  smaller  subgroups  of  actually  similar  elements. 

i)  The  typical  (alkali)  metals  are  located  graphically  opposite  the  typical 
non-metals  (the  halogens) .  The  carbon  subgroup  is  located  between  and  above 

the  other  two,  graphically  stressing  the  balance  of  metallic  and  nonmetalilc 
properties  in  this  subgroup.  The  inert  gases  are  located  below,  at  an  angle 
of  90®  to  the  principal  diameter,  thus  stressing  their  ’‘neutral”  position  as 
between  the  typical  metals  and  nonmetals. 

This  modernization  of  Mendeleev’s  periodic  system  of  the  elements,  based 
on  atomic  structure,  preserves  all  the  specific  features,  the  steliateness,  and 
the  dialectical  nature  of  the  classical  form  of  the  table,  and  may  be  used  as 
a  visual  aid  in  institutions  of  higher  learning  for  explaining  and  teaching  the 
development  of  the  periodic  table. 

The  author  is  indebted  to  Prof.  M.S.Skanavi-Grigoryeva  for  her  valuable 
suggestion  that  the  s  -  p  -  d  -  f  energy  levels  (states)  of  the  electrons  and 
element  families  be  represented  in  the  table. 
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TERNARY  SYSTEMS  WITH  CLOSED  LAYERING  ISOTHERMS 


I.L.Krupatkin 

Closed  layering  isotherms  have  been  found  repeatedly  in  three-component 
systems  with  an  upper  ternary  critical  point  [1].  The  causes  of  their 
formation  were  disclosed  in  RoV.Mertslin's  fundamental  paper  on  this  problem 
[ij.  This  paper  derived  a  schema  covering  the  formation  of  closed  layering 
isotherms  in  a  ternary  system  even  when  no  upper  ternary  critical  point  is 
present,  as  represented  in  Fig.  1.  Theprerequisites  for  this  schema  are  as 
follows:  the  presence  of  layering  with  an  upper  critical  solution  temperature 
in  one  binary  mapping  system  and  of  layering  with  a  lower  critical  temperature 
in  another,  with  the  upper  critical  point  being  below  the  lower  critical 
pointy  and  the  production  of  a  chemical  compound  in  the  third  binary,  system. 

When  these  conditions  are  satisfied,  the  Isotherms  located  between  the  • 
critical  points  will  be  closed  ones. 

The  present  paper  deals  with  the  problem 
of  providing  experimental  confirmation  of  this 
schema.  The  water  -  phenol  -  phosphoric  acid 
ternary  system  was  used.^  To  learn  whether 
the  selected  ternary  system  satisfied  the 
schema  prerequisites,  let  us  consider  the 
physicochemical  nature  of  its  binary  con¬ 
stituent  systems.  These  systems  are  as 
follows  phenol  -  water,  phosphoric  acid  - 
water,  and  phosphoric  acid  -  phenol. 

1.  The  phenol  -  water  system.  In  this 
system  there  is  a  stable  layering  region  with 
an  upper  critical  solution  point  at  68°  [2]. 

Several  authors  have  also  Investigated  the 
conductance  [3]  and  viscosity  [4]  of  this 
system. 

2.  The  phosphoric  acid  —  water  system. 

Investigations  of  the  fusibility  of  this 
system  [5]  have  demonstrated  the  presence 
within  it  of  a  chemical  compound  of  phosphoric 
acid  >and  water,  viz:  Hr;P04‘'0.5  H2O,  with  a 
melting  point  of  29*.  The  components  of  the 
system  are  miscible  in  all  proportions  in  the  liquid  state. 

3  The  phosphoric  acid  -  phenol  system.  We  have  investigated  the 
equilibrium  between  the  liquid  phases  in  this  system.  As  our  researches,  des¬ 
cribed  below,  have  shown,  this  system  exhibits  a  layering  region  with  a  lower 
critical  solution  temperature  of  100° . 

This  discussion  of  the  bounaary  binary  systems  indicates  that  two  of  them 
contain  a  layering  region,  one  exhibiting  an  upper  and  the  other  a  lower  critical 
solution  point,  the  lower  critical  solution  point  being  32*  above  the  upper  one. 

A  chemical  compound  is  formed  in  the  third  binary  system,  l.e.,  it  is  the 

1)  V.F.Ust-Kachklntsev  did  some  research  in  this  field  [J.  Gen.  Chem.  7^  25 
(1937)  l3ut  with  a  different  objective  in  view. 
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predominant  binary  system  in  the  given  ternary  system.  Hence,  the  selected 
ternary  system  of  water  -  phenol  -  phosphoric  acid  fully  satisfies  the 
prescribed  conditions  of  the  foregoing  schema. 

EXPERIMEUTAL  SECTION  AHD  EVALUATION  OF  RESULTS 

The  following  substances  were  employed  in  our  research: 

1.  Phosphoric  acid  was  available  in  the  laboratory  as  an  85^  solution. 

It  was  concentrated  by  the  Erdmann  method  and  then  crystallized.  The  acid  thus 
produced  contained  99«98^  H3PO4.  The  percentage  of  phosphoric  acid  was 
determined  by  titration. 

2.  The  phenol  was  distilled,  the  fraction  boiling  at  l82*  being  collected: 
its  melting  point  was  42“ , 

3.  Double-distilled  water  was  used. 

Several  points  were  plotted  in  the  phenol  -  water  and  phosphoric  acid  -  water 
systems  by  way  of  checking  our  reagents.  The  results  were  in  good  agreement 
with  the  figures  given  in  the  literature.  The  research  was  carried  out  by 
Alekseev’s  method  [2],  in  sealed  ampoules  immersed  in  an  oil  thermostat. 

We  began  with  an  investigation  of  the  phosphoric  acid  -  phenol  system. 

Then  we  investigated  the  phosphoric  acid  -  phenol  -  water  ternary  system  by 
passing  polythermal  sections  through  its  prism,  two  kinds  of  sections  being 
studied:  some  passing  from  the  phenol  vertex  to  the  face  of  the  water  - 
phosphoric  acid  binary  system  at  5^  10,  20,  30,  50,  70,  85,  and  95^  of  the 
latter;  and  others  passing  from  the  water  vertex  to  the  face  of  the  phosphoric 
acid  -  phenol  binary  system  at  21,  35;  50  and  65^  of  the  latter, 

TABLE  1 


Equilibrium  in  the  Phosphoric  Acid  -  Phenol  System 


No  : 

i 

-I-* 

Per  cent  phosphoric  I 

acid  by  weight  I 

Remarks 

Layer  A 

Layer  B 

1 

100,5 

32. 

00 

Critical  point 

^  i 

i  101.0 

29.12 

35.08 

Critical  turbidity  93* 

5 

101,5 

1  “ 

37.56 

^  i 

i  103.5 

!  23.67 

- 

Critical  tiurbidity  95* 

5  1 

104.0 

- 

42.07 

6 

106,5 

i  19.95 

1  — 

Critical  turbidity  97" 

T 

IOS.5 

!  50,46 

8 

ll4,o 

1 

1  60,45 

9 

115.0 

;  15.39 

- 

Critical  turbidity  103* 

.0 

118,0 

- 

;  70.85 

.1 

121.5 

1 

!  80,36 

Tarring  set  in  at  a  hig' 
temperature 

.2 

129,0 

!  10. ll 

i  — 

Critical  turbidity  119* 

The  numerical  findings  on  the  phosphoric  acid  -  phenol  binary  system  are 
listed  in  Table  1,  The  curve  giving  the  equilibrium  between  the  liquid  phases, 
plotted  from  the  experimental  data,  is  reproduced  in  Fig.  2.  The  area  out¬ 
lined  by  the  dashed  line  is  the  region  in  which  a  critical  turbidity  exists. 

As  the  figure  shows,  the  phosphoric  acid  -  phenol  system  is  one  of  those 
possessing  a  lower  critical  solution  pointy  As  a  matter  of  fact,  the  curve  of 
equilibrium  between  the  liquid  phases  exhibits  a  lower  critical  point  (an 
Alekseev  point  [7])  at  32^  of  phosphoric  acid  and  68^  of  phenol  and  at  100 
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I 
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It  is  thrown  off  toward  the  phenol  corner.  The  solubility  of  phenol  in 
phosphoric  acid  and  of  phosphoric  acid  in  phenol  diminishes  as  the 
temperature  is  raised,  the  solubility  of  phenol  in  phosphoric  acid  being 
much  higher  than  that  of  phosphoric  acid  in  phenol  between  100  ana  I50* . 

The  two  solubilities  nearly  level  out  as  130“  is  approached,  coming  within 
of  each  other.  The  effect  of  temperature  upon  the  solubility  of 
phosphoric  acid  in  phenol  increases  as  the  temperature  drops.  That  is  why  the 
solubility  curve  of  phosphoric  acid  in  phenol  drops  steeply  at  high  temperatures 
and  is  much  flatter  at  lower  temperatures.  The  effect  of  temperature  upon 
the  solubility  of  phenol  in  phosphoric  acid  is  qualitatively  the  same,  though 
the  quantitative  picture  is  wholly  different.  In  this  case  the  flat  section 
of  the  curve  is  very  long,  extending  over  more  than  so  that  the  solubil¬ 

ity  of  phenol  in  phosphoric  acid  is  very  high  in  the  100-120*  range,  the  lower 
critical  solution  point  being  thrown  off  toward  the  phenol  corner.  A  change 
occurs  in  the  components  in  the  vicinity  of  the  phosphoric  acid  corner, 
the  liquid  turning  black,  thus  making  it  impossible  to  plot  the  curve  in  this 
region  of  the  diagram.  As  we  see  from  the  graph,  the  region  of  critical 
turbidity  is  rather  large,  extending  from  the  critical  point  leftward  to  the 
phenol  corner. 

The  numerical  data  secured  in  our  investigations  of  the  polythermal 
sections  through  the  phosphoric  acid  -  phenol  -  water  ternary  system  are 
listed  in  Tables  2-9*  It  should  be  noted  that  the  section  at  95^1^  phosphoric 
acid  has  been  traced  only  near  the  vertex,  where  the  polytherm  is  a  vertical 
line  dropping  to  5^  phenol.  The  polytherms  of  these  sections  are  reproduced 
in  Fig.  3?  in  which  the  liquid  phase  equilibrium  curve  for  the  phenol  -  water 
binary  system  is  plotted  for  the  sake  of  comparison. 

TABLE  2  TABLE  3 


Section  at  3^  Phosphoric  Acid _  Section  at  10%  Phosphoric  Acid 


t“  ! 

No. 

t*  ^ 

%  Phenol 

by  weight 

Water 

layer 

Phenol 

layer 

Water 

layer 

1  1 

4l.O 

7.57 

- 

1 

23,0  ! 

- 

94.71 

2 

49.0 

- 

86.80 

2 

49.0 

7.15 

- 

3  j 

57.5 

9»96 

- 

3 

64.0  1 

91.21 

4 

75.0 

- 

84.91 

4 

76.0  ' 

11,20 

- 

5 

79.0 

19.79  ; 

- 

5 

88,0 

15.56 

- 

6 

84.0 

27.11 

- 

6 

97.0 

24.80 

- 

7 

87.0 

39.17 

- 

^  \ 

102.0 

34,96 

- 

8 

90,0 

56.06 

- 

8  1 

108.0 

45.32 

- 

9 

92.0 

- 

81.35 

9 

1  110.0 

- 

85.97 

10 

92o5 

70.66 

- 

10 

!  114.5 

54.48 

- 

11 

94  5 

75.05 

- 

11 

1  125.0 

65.92 

- 

12 

95.0 

- 

78,76 

12 

129.0 

74.05 

- 

13 

130.0 

- 

81.55 

The  sections  extending  from  the  water  vertex  to  the  side  of  the  phenol  - 
phosphoric  acid  binary  system  were  investigated  only  in  the  vicinity  of  that 
side.  They  are  reproduced  in  Fig.  4.  The  experimental  polytherms  were  used  in 
plotting  the  derived  isothermal  sections:  at  60* ,  l.e.,  at  a  temperature  below 
the  critical  one  in  the  phenol  -  water  binary  system;  at  85*,  l.e,,  at  a 
temperature  between  the  upper  and  lower  critical  points  in  the  boundary  binary 
systems;  and  at  120",  l,e,,  at  a  temperature  above  the  critical  in  the  phenol  - 
phosphoric  acid  binary  system.  The  resultant  Isotherms  are  plotted  in  Fig.  5* 
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TABLE  k 


Section  at  20^  Phosphor 

ic  Acid 

— 

io  Phenol  by  weight 

No. 

Water 

Phenol 

layer 

layer 

WTo 

5^60 

- 

2 

50.0 

- 

94.50 

5 

7^.0 

6.73 

- 

k 

80.0 

- 

93.53 

5  1 

9^.0  ! 

9.53 

- 

6  . 

107.5 

13.31 

- 

7  ■ 

109.0 

- 

90.78 

8  i 

117.5 

- 

89.46 

9  ! 

123.0 

20.23 

TABLE  5 

Section  at 

30%  Phosphoric  Acid 

! 

'  %  Phenol 

by  weight 

Noo 

f 

Water 

Phenol 

layer 

layer 

1 

j  39.0 

^  3.2?^ 

_ 

2 

1  60.0 

; 

95.18 

3 

'  69.0 

4.51 

1 

i 

k 

78.0 

i  5.11 

5 

'  8l.O 

1  94 . 46 

6 

102.0 

7. s'* 

:  93.15 

7 

,  116.0 

I 

i  91.54 

8 

122.0 

1  9.92 

1  ~ 

TABLE  7 

Section  at 

70'5t  Phosphor 

ic  Acid 

!  ^  Phenol 

by  weight 

No. 

f 

i  Water  | 

Phenol 

layer  i 

layer 

1 

“56.0  ■ 

96.04 

2 

71.0 

2.03 

- 

3 

7^.0 

95.77 

k 

90.0 

1 

95.51 

5 

99.0 

1  2.48 

6 

114.0 

i  3.11 

- 

7 

123.0 

1  3.60 

8 

128.0 

1 

94.87 

TABLE  6 

Section  at  $0^  Phosphoric  Acid 


%  Phenol  by  veight 


No. 

4-* 

Water  j  Phenol 

layer  layer 

1 

■49.0 

2.33  1  ^ 

2 

52.0 

96,02 

3 

80.0 

-  95.59 

4 

92.0 

3.28 

5 

98.0 

I  »  94.72 

6 

110.0 

i  4 . 04 

7 

117.0 

-  93.52 

8 

126.0 

5.53 

TABLE  8 

Section  at  8^^  Phosphoric  Acid 


No. 

"1 

t" 

^  Phenol  by  weight 
Water  Phenol 
layer  layer 

1 

55.0 

!  95.98 

2 

72.0 

1.96  1  95.46 

3 

93.0 

2.35  1 

4 

110.0 

;  94.59 

5 

115.0 

2.74  j 

6 

120.0 

3.04  ! 

7 

130.0 

1  94.03 

The  numerical  data  indicate  that  the  solubility  of  water  in  mixtures  of 
phosphoric  acid  and  phenol  is  negligible,  of  the  order  of  1^,  the  solubility 
dropping  still  lower  as  the  temperature  is  raised  and  becoming  practically 
independent  of  the  composition  of  the  mixture.  The  solubility  of  phosphoric 
acid  =  phenol  mixture  in  water,  on  the  other  hand,  is  fairly  high,  increasing 
with  rising  temperature o  The  solubility  of  a  phosphoric  acid  -  water  mixture 
in  phenol  is  only  slightly  affected  by  temperature,  but  varies  sharply  with 
the  concentration  of  phosphoric  acid  in  the  solutions.  In  strong  solutions 
of  phosphoric  acid  the  solubility  is  low,  of  the  order  of  5^^  rising  sharply. 


TABLE  9 


Sections  Passing  from  the  Water  Vertex 
to  the  Side  of  the  Phenol  -  Phosphoric 


Acid  Binary  System 


1 

Section 

t“ 

^  water 
by  weight 

Section  at  21.35^ 

121.0 

0.00 

phenol 

i  90.0 

[  0.72 

67.0 

1.24 

Section  at  '^O.OQfja 

108.5 

0.00 

phenol 

85.0 

0.50 

68.0 

0.85 

Section  at  65.00^ 

101.0 

0,00 

phenol 

80.0 

0.40 

62.0 

0.74 

however,  as  the  acid  concentration  drops, 
finally  reaching  complete  miscibility. 

The  solubility  of  phenol  in  phosphoric 
acid  solutions  likewise  depends  upon  the 
concentration  of  the  latter.  In  strong 
phosphoric  acid  solutions,  say  up  to 


Flgo 


4o^,  the  phenol's  solubility  remains 

constant  at  about  5^^  ^■nd  is  only  slightly  affected  by  the  temperature.  As  the 
concentration  of  phosphoric  acid  falls  below  the  phenol’s  solubility 

rises  substantially.  This  increase  in  solubility  likewise  rises  with  rising 
temperature,  reaching  miscibility  in  all  proportions.  The  decrease  in  the 
solubility  of  the  phenol  as  the  phosphoric  acid  concentration  rises  fully  agrees 
with  the  theory  of  the  origin  of  closed  layering  isotherms  in  ternary  systems, 
since  it  is  precisely  at  high  concentrations  of  phosphoric  acid  in  aqueous 
solutions  that  it  forms  a  hydrate  with  the  water. 


Fig,  4, 


Fig.  5. 


The  60*  isotherm  constitutes  a  layering  region  that  starts  at  the 
break  in  solubility  at  this  temperature  in  phenol  “  water  binary  system 
and  extends  over  a  large  part  of  the  concentration  triangle c  It  is  an 
example  of  an  isotherm  located  below  68*,  i.e.,  below  the  critical  point 
in  the  water  -  phenol  binary  system,  since  all  such  Isotherms  will  look  like 
this.  The  120*  isotherm  constitutes  a  layering  region  extending  over  much 
of  the  concentration  triangle,  from  the  solubility  discontinuity  at  this 
temperature  in  the  phosphoric  acid  -  phenol  binary  system.  All  the  isotherms 
that  are  located  above  the  lower  critical  temperature  in  the  phosphoric  acid  - 
phenol  binary  system,  i.e.,  above  100*,  will  exhibit  the  same  qualitative 
traits.  'Hie  85*  isotherm  is  an  example  of  an  isotherm  lying  between  the 
upper  and  lower  critical  temperatures  in  the  boundary  binary  systems.  It  is 
a  closed  curve  covering  most  of  the  concentration  triangle.  All  isotherms 
above  68*  and  below  ICO*  will  also  be  closed  curves  of  this  sort. 

Despite  the  fact  that  the  Upper  and  lower  critical  points  are  so  close 
together  (the  temperature  difference  between  them  being  slightly  more  than 
50*),  the  polytherms  rise  steeply  upward.  This  may  explain  the  poor  homo¬ 
genizing  action  of  the  third  components  in  binary  layering,  namely,  of 
phosphoric  acid  toward  layering  in  the  phenol  -  water  system  at  low  temperatures, 
and  of  water  toward  layering  in  the  phosphoric  acid  -  phenol  system  at  high 
temperatures . 

Thus,  the  results  of  our  research  on  the  phenol  -  water  -  phosphoric 
acid  ternary  system  indicate  that  closed  layering  isotherms  exist  in  this 
system  at  temperatures  that  lie  between  the  upper  and  Iowa* critical  points  in 
the  water  =  phenol  and  phenol  -  phosphoric  acid  systems,  respectively,  with 
a  chemical  compound  existent  in  the  phosphoric  acid  -  water  system.  This 
is  full  experimental  confirmation  of  the  schema  cited  above  for  the  origin 
of  layering  isotherms  in  ternary  systems,  provided  the  upper  critical  temperature 
is  one  of  the  boundary  binary  systems  is  lower  than  the  lower  critical  temper¬ 
ature  in  another  system  and  that  the  third  system  exhibits  a  chemical  compound. 

SUMMARY 

1.  The  liquid  phase  equilibrium  in  the  phenol  =  phosphoric  acid  system 
has  been  investigated.  A  stable  layering  region,  with  a  lower  critical 
solution  temper  a-*:  ure,  has  been  found. 

This  lower  critical  point  occurs  at  68%  phenol  and  3-%  phosphoric  acid 
and  at  a  temperature  of  100* . 

2.  The  liquid  phase  equilibrium  in  the  phosphoric  acid  -  water  -  phenol 
system  has  been  investigated.  Closed  layering  isotherms  have  been  found  to 
exist  in  this  ternary  system  in  the  68  •=  100*  temperature  range. 

3.  It  has  been  shown  that  this  ternary  system  provides  complete  experi¬ 
mental  confirmation  of  the  schema  cited  for  the  origin  of  closed  layering 
isotherms,  based  upon  the  following  prerequisites s 

a)  The  presence  of  upper  and  lower  critical  points  in  two  of  the 
binary  systems. 

b)  The  location  of  the  upper  critical  point  in  one  system  below  the 
lower  critical  point  in  the  other  system. 

c)  The  formation  of  a  chemical  compound  in  the  third  binary  system, 
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THE  N-ARYL  AMIDES  OF  HYDROXY  CARBOXYLIC  ACIDS  AND  THEIR  CONVERSION 


INTO  HETEROCYCLIC  COMPOUNDS 

XI.  THE  INTRAMOLECULAR  CONDENSATION  OF  ARYL  AMIDES  OF  2,2 • -DIMETHOXY BENZILIC  ACID 


P.A.Petjanin 


As  we  have  already  observed,  the  introduction  of  an  alkoxy  group  into  an 
aryl  attached  to  a  carbinol  carbon  atom  greatly  increases  the  basic  properties 
of  aryl  amides  of  hydroxy  carboxylic  acids  and  deepens  the  color  of  the  cations 
of  their  onium  salts  [1],  In  this  connection  we  were  interested  in  determining 
the  effect  of  these  changes  upon  the  rate  of  intramolecular  condensationj  we  did 
this  by  determining  the  condensation  rate  of  the  o-aniside  of  2,2*-dimethoxy“ 
benzilic  acid.  Our  results  are  listed  in  Table. 1.  The  figures  cited  indicate 
that  the  condensation  rate  is  not  diminished  despite  the  appreciable  increase  in 
the  basicity  of  the  aryl  amides  of  2,2*-dimethoxybenzilic  acid  (the  addition  of 
'JO'jo  sulfuric  acid  yields  a  halochromic  sdlt)  and  the  deeper  color  of  their 
halochromic  salts  (emerald-green) .  This  means  that  the  condensation  rate  does 
hot  depend  upon  the  strength  of  the  bond  between  the  acid  anion  and  the  organic 
cation,  but  is  governed  by  the  internal  structure  of  the  cation,  as  we  have 
shown  in  condensing  aryl  amides  with  4,4*-dimethoxybenzilic  acid  [2],  The 
higher  rate  of  condensation  and  the  lower  basicity  of  the  aryl  amides  of  2,2'- 
dimetLioxybenzllic  acid  ,  compared  to  the  aryl  amides  of  4,4* -dime thoxy benzilic 
acid,  may  De  explained  by  the  manifestation  of  a  steric  effect,  caused  by  the 
presence  of  methoxy  groups  in  the  ortho  position  to  the  central  carbon  atom. 


TABLE  1 


Test  No. 

Bath 

Temperature ,  *C 

1  Time  required  for  color  to  disappear 

ArNHCOC  (0H)Ar2' 

ArNHCOC  (0H)Ar2’* 

ArNHCOC  ( OH) Ar 2’” 

1 

10“ 

53 ’30" 

57’ 

3’30" 

2 

20 

21*10" 

26* 

2* 

3 

30 

10*26** 

11* 

1* 

4 

4o 

6*10** 

5’ 

0*35" 

Ar'  =  0-CH3OC6H4-J  Ar"  =  P-CH3C6H4-5  Ar’"=  CeHs-. 

As  we  know,  steric  factors  can  exert  an  appreciable  effect  upon  conjugation 
[5],  The  structure  of  the  cation  of  a  halochromic  salt  of  an  aryl  amide  of  2,2*- 
dimethoxybenzilic  acid  may  be  represented  as  follows; 


(I)  (II) 


237 


The  steric  effect  interferes  with  the  arrangement  of  the  central  carbon  atom 
and  the  oxygen  of  the  methoxy  group  in  the  same  plane  as  the  benzene  ring 
This  diminishes  the  extent  of  the  displacement  of  the  unshared  electron  pair 
of  the  methoxy  oxygen  atom  and  sets  up  more  favorable  conditions  for  a  cation 
structure  with  a  reactive  center  at  the  carbinol  carbon  atom  (l),  Inasmuch 
as  the  cation  structure  with  an  electron  gap  at  the  central  carbon  atom  (l)  is 
of  importance  in  condensation,  the  condensation  rate  of  aryl  amides  of  2,2'-dim- 
ethoxybenzilic  acid  should  be  higher,  and  their  basic  properties  should  be 
less  pronounced,  than  in  the  aryl  amides  of  4,4' -dimethoxybenzilic  acid. 

We  performed  the  following  condensation; 

ArNHCOC  (OH)  (C6H40CH3-o)2, 

where;  Ar=  C6H4-,  O'-CHs0C6H4-,  a-CioHr-  and  3-CioH7^ 

to  prepare  the  required  reagents.  The  properties  of  the  resulting  compounds 
are  listed  in  Table  2.  Since  the  aryl  amides  of  2,2 ' -dimethoxybenzilic  acid 
form  halochromic  salts  with  TO'Jt  sulfuric  acid,  we  tested  their  condensation 
with  dilute  sulfuric  acid.  In  every  case  we  secured  a  halochromic  compound, 
the  aryl  amides  entering  into  the  condensation  reaction.  This  bears  out  our 
earlier  conjecture  that  water  is  not  split  off  directly  during  condensation, 
the  reaction  involving  a  stage  in  which  a  halochromic  salt  is  formed. 


TABLE  2 


EXPERIMENTAL 

2,2'-DimethoxybenzlIanilide.  Initial  substances;  6.4  g  of  oxanilic  ester, 
38.8  g  (5  moles)  of  o-iodoanisole,  and  4.05  &  of  magnesium.  This  yielded  8.1  g 
or  S'J .2^0  of  the  theoretical. 

The  anilide  was  insoluble  in  water  or  gasoline,  though  freely  soluble  in 
alcohol,  benzene,  acetic  acid,  and  carbon  tetrachloride.  It  colored  concentrated 
sulfuric  acid  an  ephemeral  emerald-green.  Perceptible  coloration  is  produced 
with  70^  sulfuric  acid.  It  crystallized  from  dilute  alcohol  In  clustered 
needles,  m.p.  142®. 
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0.4312  g  substance;  11.07  oil  0.1  N.  H2SO4.  O.2138  g  substance ; ,5 .8  nil 
0.1  N  H2SO4.  Found  N  3.59,  3.79.  C22H21O4N.  Calculated*^;  N  3.86. 

2,2* -Dlmethoxybenzil-p-tolulde .  This  was  prepared  from  6.4  g  (l  mole) 
of  p-tolyloxanilic  ester,  33  g  of  o-iodoanisole  (4.5  moles),  and  3.4  g  of 
magnesium.  The  yield  was  6.7  g  or  57.7^  of  the  theoretical. 

The  toluide  dissolved  in  sulfuric  acid,  coloring  it  an  ephemeral  emerald- 
green.  It  crystallized  from  dilute  alcohol  as  needles  with  a  m.p.  of  153°. 

0.3102  g  substance;  8.39  ml  0.1  N.  H2SO4.  0.2202  g  substance:  6.1  ml  0.1  N 
H2SO4.  Found  N  3-79,  3-88.  C23H23O4N.  Calculated  N  3.71. 

2,2* -Dimethoxybenzil-o-aniside .  Initial  substances;  7-4  g  (l  mole)  of 
o-methoxyoxanilic  ester,  38.8  g  of  o-iodoanisole,  and  5*05  g  of  magnesium.  The 
yield  was  8  g,  or  62^  of  the  theoretical.  It  crystallized  from  dilute  alcoholj 
m.p.  151-152°.  The  aniside  colored  sulfuric  acid  an  ephemeral  emerald-green. 

0.4i45  g  substance;  10.75  ml  0.1  N.  H2SO4.  0.2373  g  substance;  6.4  ml 
0.1  N.  H2SO4.  Found  N  3-63,  3-78.  C23H23O5N.  Calculated  3.56. 

2,2* -Dimethoxybenzil-p-phenetide .  Initial  substances;  5*9  g  (l  mole)  of 
p-ethoxyoxanilic  ester,  29.1  g  of  o-iodoanisole,  and  3.04  g  of  magnesium.  The 
yield  was  8  g,  or  79*2^  of  the  theoretical. 

The  phenetide  was  insoluble  in  water  or  ether,  though  freely  soluble  in 
most  of  the  other  common  organic  solvents.  It  dissolved  in  sulfuric  acid, 
producing  an  emerald-green  coloration  that  vanished  completely  after  standing  fbr 
a  short  time.  It  crystallized  from  dilute  acetic  acid  as  colorless  rosettes  with 

a  m.p.  of  178-179“. 

0.4136  g  substance;  10.75  ml  0.1  N.  H2SO4.  0.3308  g  substance;  8.4  ml  0.1  N. 
H2SO4.  Found  N  3-64,  3-55.  C24H25O5N.  Calculated  N  3-44. 

2,2 * -Dimethoxybenzil-g-naphthalide.  This  vas  prepared  by  reacting  6.1  g 


of  a-naphthyloxaminic  ester  with  p-iodoanisole  magnesium,  prepared  from  9.1  g 
of  o-iodoanisole  and  3*04  g  of  magnesium.  The  yield  was  5  g,  or  49^  of  the 
theoretical. 

The  napthallde  was  insoluble  in  water  or  gasoline,  slightly  soluble  in 
alcohol,  and  freely  soluble  in  ether  and  benzene.  It  colored  cone . sulfuric  acid 
an  ephemeral  green.  It  crystallized  from  a  small  quantity  of  benzene  as  minute 
crystals  with  a  m.p.  of  157-158°. 

0.5768  g  substance;  l4.1  ml  0.1  N.  H2SO4.  0.2430  g  substance:  6.2  ml  0.1  N. 
H2SO4.  Found  N  3.42,  3.57.  C26H23O4N.  Calculated  N  3.39- 

2,2* -Dimethoxybenzil-3-naphthalide .  Initial  substances:  6,1  g  of  3-naphthylox- 
arainic  ester,  29.1  g  of  o-iodoanisole,  and  3.04  g  of  magnesium.  The  yield  was 
6.4  g  or  62.7^  of  the  theoretical. 

The  naphthalide  was  slightly  soluble  in  alcohol  and  benzene  and  readily 
soluble  in  acetic  acid.  It  crystallized  from  dilute  acetic  acid  as  colorless 
prisms  with  a  m.p.  of  172-173°-  It  dissolved  in  sulfuric  acid,  coloring  the 
latter  an  ephemeral  emerald-green. 

0.5548  g  substance;  14,25  ml  0.1  N,H2S04.  0.2219  g  substance;  5*4  ml  0.1  N 
H2SO4.  Found  N  3-59,  3-41.  C26H23O4N.  Calculated  N  3-39- 

3 ,3-Bis- (2-methoxyphenyl) -oxindole.  (o-Dianisolisatin) .  5  ml  of  75^ 

sulfuric  acid  were  added  to  a  solution  of  0.5  g  of  2,2*-dimethoxybenzilanilide  in 
5  ml  of  glacial  acetic  acid.  The  emerald-green  color  produced  by  dilute  sulfuric 


L 


239 


acid  vanished  rapidly.,  The  yield  was  0.4  g,  or  84^  of  the  theoretical.  Crystall¬ 
ization  from  dilute  acetic  acid  yielded  colorless  rhombohedra  with  a  m.p.  of  196® . 

o-Dianisolisatin  has  been  synthesized  by  us  for  the  first  time. 

0.1117  g  substance:  Oo3150  g  CO2J  0.0559  g  HgOj  0.3280  g  substance: 

9.1  ml  0.1  N  H2SO4.  Found  C  76  465  H  5.65  N  3.88|  C22H19O3N. 

Calculated  C  76.525  H  5^515  N  4.06. 

3 ,3“Bis- (2-methoxyphenyl) -5-methyloxindole .  3;3-Bls-(2-methoxyphenyl)-5- 
methjrloxindole  was  synthesized  by  adding  cone,  sulfuric  acid  to  an  acetic  acid 
solution  of  2,2’-<ii-methoxybenzil-p-toluide.  The  end  of  the  reaction  was  indicated 
by  the  disappearance  of  tne  emderald-green  coloration.  The  yield  of  the  reaction 
product  was  87. 7^^  of  the  theoretical.  The  substance  was  insoluble  in  water, 
slighly  soluble  in  gasoline,  and  freely  soluble  in  alcohol,  acetic  acid,  benzene 
toluene,  and  chloroform.  It  crystallized  from  dilute  acetic  acid  as  colorless 
needles  gathered  in  little  sheaves,  with  a  m.p.  of  219-220*. 

0.2436  g  substance?  7»27  ml  0.1  N  H2SO4.  0.2679  g  substance?  8  ml  0.1  N 

H2SO4.  Found  N  4.14,  4.18.  C23H21O3N.  Calculated  ^?  N  3»9o 

3i3-Bis-^ (2'^-methoxyphenyl) -7°'methoxyoxindole .  Initial  substances?  a 
solution  of  0.5  g  of  2,2*-dimethoxybenzil‘=o-anislde  in  5  ml  of  acetic  acid  and  5  ml 
of  751^  sulfuric  acid.  After  the  emerald-green  coloration  had  disappeared,  the 
reaction  mass  was  carefully  diluted  with  water  until  slight  cloudiness  resulted 
and  then  set  aside  to  stand  until  crystallization  set  in.  Colorless  parallelograms 
with  a  m.p.  of  230-231*.  The  yield  was  0.4  g,  or  87^  of  the  theoretical. 

0.4530  g  substance?  11.9  ml  0.1  N  H2SO4.  O.31OO  g  substance?  7-8  ml  0.1 

N  H2SO4.  Found  <%%  N  3.68,  3.52.  C23H21O4N.  Calculated  ^?  N  3o73» 

3 i 3°Bis- (2-methoxyphenyl ) -5°ethoxyoxindole  was  synthesized  by  adding  cone, 
sulfuric  acid  to  an  acetic  acid  solution  of  2,2’-dimethoxybenzll-p-phenetide,  the 
yield  approximating  100^.  Crystallization  from  dilute  acetic  acid  yielded  color^ 
less  hexagonal  lamellae  with  a  m.p.  of  208.5  ^  209.5*- 

0.4492  g  substance?  12.26  ml  0.1  N  H2SO4.  O.336O  g  substance?  9  ml  0.1  N 

H2SO4.  Found  ^?  N  3-6,  3,75„  C24H23O4N.  Calculated  ^?  N  3-6. 

3, 3-Bis- '.2-methoxyphenyl)  -6 , 7-"benzocxindole .  [ 3 9 3 "Bis -2-methoxyphenyl ) - 
g-^naphthoxindole  ] .  This  was  synthesized  by  condensing  2,2“-dimethoxybenzil-a- 
naphthalide,  the  yield  approximating  100^.  It  crystallized  from  dilute  acetic  acid 
as  colorless  needles  gathered  into  clusters,  m.p.  263*. 

0.3990  g  substance?  10.8  ml  0.1  N  H2SO4.  O.3602  g  substance?  9-5  ml 

C.l  N  H2SO4.  Found  ^?  N  3-78,  3-69.  C26H21O3N.  Calculated  ^?  N  3-54. 

3^3. “.®i s  ,.2°methoxyphenyl) «-4 ,5°benzooxindole.  [3 i3-Bis-^  (2^Eethoxyphenyl) ° 
3-naphthoxindole ] .  Condensation  of  the  3-naphthalide  of  2,2“-dimethoxy'benzilic  acid 
using  sulfuric  acid  yielded  8^06^  of  3^3-=bis- (2-methoxyphenyl) -3-naphthoxindole. 
Colorless  clusters  (from  dilute  acetic  acid)  with  a  m.p.  of  301-303*  (with  decom¬ 
position)  . 

0.3348  g  substance?  8,9  ml  0.1  N  H2SO40  O.3458  g  substances  9  ml  0.1  N  H2SO4 
Found  N  3-72,  3-64.  C2SH21O3N.  Caculated  ^s  N  3.54. 

SUMMARY 

1.  A  method  has  been  developed  for  synthesizing  o-dianisolisatin  and 
its  derivatives.  Several  compounds  not  described  in  the  literature  have  been 
synthesized  and  their  properties  investigated. 
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2.  Condensation  of  aryl  amides  of  2,2' -dimethoxybenzilic  acid  has 
been  used  to  show  that  there  is  no  hard-and-fast  relationship  between  the 
increase  in  the  basicity  of  the  aryl  amides  and  the  deepening  of  the  color 
of  their  halochromic  salts  on  the  one  hand  and  the  rate  of  their  intra¬ 
molecular  condensation  on  the  other. 

3.  The  aryl  amides  of  2,2'-dimethoxybenzilic  acid  have  been  used  to 
show  the  influence  of  the  steric  effect,  due  to  the  presence  of  methoxy 
groups  in  ortho  positions  to  the  carbinol  carbon  atom  upon  the  rate  of 
intramolecular  condensation  and  upon  the  basic  properties  of  the  aryl  amides 
An  explanation  is  furnished  for  this  phenomenon. 

4.  Several  aryl  amides  of  2,2'-dimethoxybenzllic  acid,  not  described 
in  the  literature,  have  been  synthesized  and  their  properties  investigated. 
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CYCLOPROPYIACETYLENE 


Ya.  M.  Slobodln  and  I.  N.  Shokhor 


Cyclopropylacetylene  has  not  been  previously  described.  The  following 
two  reactions  have  been  employed  in  the  present  research  to  synthesize  its 

1)  [>-  CH=CH2  O-CHBr-CHsBr  — [^C=CH, 

rcis  ^  -2HC1  ^ 

2)  O-CO-CH3  - >  O-CCI2-CH3  - >  D^C^CH. 

In  the  first  of  these  methods,  the  initial  substance  is  vinylcyclopropane, , 
prepared  by  Demyanov's  method  [1,2],  Brominatlng  the  latter  yielded  the 
dibromide,  which  Demyanov  took  to  be  the  individual  dibromide  of  vinylcyclo- 
propane.  We  identified  this  dibromide  spectroscopically.  Its  Raman  spectrum 
exhibited  the  frequencies  of  752,  826,  884,  IO25,  II96,  1435^  50l6,  and  3080 
cm-i  belonging  to  a  three -member ed  ring.  The  dibromide  spectrum  likewise 
exhibited  a  double-bond  line  with  a  frequency  of  l664  cm~i  and  average 
intensity,  as  well  as  the  C-Br  bond  frequencies  of  568,  598^  625,  658,  and 
678  cm  which  apply  to  both  the  =  CBr  and  the  -CH2Br. 

The  double-bond  frequency  of  l664  cmri  is  characteristic  of  disubstituted 
ethylene,  which  may  be  formed  as  the  result  of  the  partial  opening  of  the 
three-member ed  ring  in  a  manner  similar  to  that  cited  in  our  report  [3]  for 
a-bromoethylcyclopropane : 

[>-CHBrCH2Br  ->  CH2Br-CH2-CB=CH-CH2-CH2Bx 

The  formation  of  a  dibromide  of  this  structure  agrees  with  Demyanov *6 
findings;  he  obtained  a  tetrabromide  with  the  structure  of  CH2Br-CH2~CHBr-CHBr- 
CH2Br  by  reacting  the  dibromlde  of  vinylcyclopropane  with  bromine. 

The  ratio  of  the  bromide  with  a  three -member ed  ring  and  the  unsaturated 
dibromide  is  ^:2. 

Hence,  the  dibromide  of  vinylcyclopropane  described  by  Demyanov  is  a 
mixture  of  two  substances. 

Using  sodium  amide  to  split  HBr  out  of  the  dibromlde  [4]  yielded  a  very 
low  yield  of  cyclopropylacetylene,  the  principal  product  being  an  undlstillable 
gummy  mass. 

Reacting  the  dibromlde  with  KOH  in  the  monoethyl  ether  of  letl^ylene  glycol 
[5]  at  l40-l60*  raised  the  yield  of  the  hydrocarbon  to  94^,  based  on  the 
cyclic  bromide. 

Spectroscopic  and  chemical  analysis  of  the  hydrocarbon  Indicated  that  it 
was  pure  cyclopropylacetylene.  The  hydrocarbon's  boiling  point  was  52.2  -  52.6* 
at  750  mm;  df°  O.7828,  ng°  1,4284, 

Raman  spectr^;  207(l0broad) ,  488(4),  583(1),  6o8(l),  752(5),  8ll(l), 

875(5),  938(8),  1005(1),  1033(1),  1187(10),  1351(8),  l453(4broad),  2120(10), 

3024(5broad),  3085(4). 

The  frequency  of  2120  cm-i  identifies  the  hydrocarbon  as  a  monosubstituted 


acetylene o  The  frequencies  of  752 >  8ll,  875 ^  1055 #  1187#  1^55 ^  5024  and  3085 
cnT^  apply  to  a  three-membered  ring. 

The  hydrocarbon  produces  the  characteristic  precipitates  of  a  monosUb- 
stitution  derivative  of  acetylene  with  various  reagents, 

Ozonolysis  of  the  hydrocarbon  yielded  only  formic  and  cyclopropylformic 
acids. 

To  synthesize  cyclopropylacetylene  by  Reaction  (2)  acetylcyclopropane 
was  treated  with  PCI5  [6],  Spectroscopic  analysis  of  the  resultant  dichloride 
Indicated  that  it  was  not  homogeneous.  The  Raman  spectrum  exhibited  the  II87 
cm~^  frequency  of  the  cyclopropane  ring.  We  also  found  an  intensive  double¬ 
bond  frequency  of  I668  cmT^  (di substituted  ethylene)  and  a  weak  double -bond 
frequency  of  l640  cm~^,  which  may  represent  an  unsaturated  monochloride  of 
the  cyclopropane  series,  formed  by  the  spontaneous  splitting  of  HCl  from  the 
dichloride  [7]-  Analysis  of  the  dichloride  for  chlorine  yielded  a  lower 
percentage  than  called  for  theoretically.  The  C— Cl  bond  frequencies  of  578, 
618,  658,  695#  and  715  cm~^  confirm  the  presence  of  the  chlorine  atom  at 
both  the  primary  carbon  atom  and  at  the  more  highly  substituted  carbon  atoms. 

When  we  split  the  hydrohalide  out  of  the  mixture  of  dlchlorides,  we 
secured  a  hydrocarbon  mixture,  the  intensity  of  the  acetylene -bond  frequencies 
indicating  that  the  percentage  of  cyclopropylacetylene  in  the  mixture  might  be 
estimated  as  50^» 

The  Raman  spectrum  exhibited  all  the  frequencies  of  cyclopropylacetylene. 
Moreover,  we  found  two  double-bond  frequencies  (a  weak  frequency  of  I586  cm“^ 
and  an  Intensive  one  of  I609  cm“^).  Three  acetylene-bond  frequencies  were 
found,  one  weak  frequency  of  2098  cm“^  and  two  others  of  2189  and  2257  cm“^, 
the  last  frequency  being  an  Intensive  one. 

The  frequencies  of  I586,  1609,  2187,  2098,  and  2257  cm“^  identify  the 
conjugation  of  the  a-ethylene  and  the  a^acetylene  bonds,  so  that  the  only 
possible  structure  in  this  case  of  ours  was?  CH3-C^C-CH=CH2o 


The  formation  of  all  the  hydrocarbons  specified  may  be  represented  as 
follows : 


[>-CCl2-€H3  ->  CH2C1-CH2-CH=CC1-CH3 
|>-CC1==CH2  CH2=CI^C^C-CH3 
|>-C=CH 


In  Report  [5]  we  noted  that  the  presence  of  a  single  chlorine  atom  at  the 
carbon  atom  linked  to  the  three-membered  ring  causes  a  slight  cleavage  of  the 
ring.  The  data  cited  in  the  present  report  indicate  that  an  increase  in  the 
number  of  chlorine  atoms  attached  to  the  carbon  atom  linked  to  the  three- 
membered  ring  produces  a  greater  cleavage  of  the  ring. 

I, A.  Dyakonov  [6],  who  was  the  first  to  investigate  the  reaction  of  PCI5 
with  acetylcyclopropane,  conjectured  that  this  involved  the  complete  rupture 
of  the  three-membered  ring.  Oiir  spectroscopic  analysis  has  shown  that  the 
cyclopropane  ring  is  retained  in  part  during  this  process. 


EXPERIMENTAL 

Vinylcyclopropane  bromide.  The  original  vinylcyclopropane  was  prepared 
by  the  Demyanov  method  [1].  Bromine  was  slowly  added  from  a  dropping  funnel 
to  5-4  g  of  the  hydrocarbon,  dissolved  in  50  ml  of  anhydrous  ether  and  chilled 
to  within  -10  to  -15* ^  until  the  bromine  coloring  no  longer  disappeared.  Nearly 
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the  calculated  quantity  of  bromine  wat;  consiuaed  in  this  bromination.  The 
ether  solution  was  washed  with  water,  then  with  a  soda  solution,  and  again 
with  water,  after  which  it  was  separated  and  desiccated  with  calcium  chloride. 
Driving  off  the  ether  left  behind  the  nearly  colorless  bromide,  which  was 
distilled  at  a  vacuum  of  35  Almost  all  of  it  distilled  at  110-112*,  a 

negligible  residue  being  left  in  the  flask.  The  yield  of  the  bromide  was 
9^6  g,  or  83*^  of  the  theoretical.  At  10  mm  the  bromide  distilled  at  79  -  8I* . 

dl®  1,8022  (according  to  Demyanov,  d4^  I.818);  n§°  I.538025 

MRd  39.75;  Calc.  38.62, 

The  exaltation  of  1.07  was  somewhat  higher  than  the  Increment  for  the 
trimethylene  ring, 

0.4647  g  substances  0.7644  g  AgBr  (Carius).  Found  Br  70.00.  C5H8Br2. 

Calculated  Br  70, 18. 

Determination  of  the  degree  of  unsaturation  by  means  of  the  bromine  number 
is  undependable,  since  bromine  is  added  and  the  trimethylene  ring  ruptured  even 
in  the  dark.  Hence,  the  results  depend  upon  the  time  of  contact  with  the 
bromine  solution.  Direct  titration  of  a  weak  bromine  solution  yielded  the 
following  results;  0,71  ml  of  a  0.1  molar  solution  of  bromine  in  CCI4  was 
added  to  0.4703  g  of  the  bromide,  which  is  equivalent  to  a  content  of  37^ 
of  the  unsaturated  bromide. 

Raman  spectrum  of  the  bromide;  l45(3)^  l66(2),  192(8),  300(3)^  525(8), 

407(1),  448(2),  538(2),  568(5),  598(8),  623(3),  658(5),  678(10),  752(5), 
801(3),  826(3),  855(1),  884(5),  914(5),  933(5),  1025(3),  1053(4),  llli(3), 
1144(3),  1196(8),  1234(6),  1295(3),  135l(l),  1398(4),  1435(5),  1^62(5), 
l664(4),  2872(2),  292l(^),  2961(6),  3016(6),  3080(5). 

A  comparison  of  the  intensity  of  the  trimethylene  ring  frequencies  with 
those  of  the  double  bond  indicates  that  the  percentage  of  the  unsaturated  bromide 
is  approximately  4o^,  which  agree#  satisfactorily  with  the  results  of  bromine 
titration, 

Cyc lopr opylacetylene .  Vinylcyclopropane  bromide  (21  g)  was  slowly  added 
from  a  dropping  funnel  to  a  solution  of  25  g  of  KOH  in  l40  ml  of  ethyl  cello- 
solve,  heated  to  boiling.  The  vapors  of  the  low-boiling  reaction  products 
passed  through  the  reflux  condenser,  warmed  with  water  at  a  temperature  of  60*, 
without  condensing.  The  hydrocarbon  condensed  in  a  wellrchllled  coil  and  was 
collected  in  a  receiver  chilled  to  -20*.  The  hydrocarbon  yield  was  3.5  g, 
or  94')(',  based  on  the  percentage  of  a  product  with  a  three -member  ed  ring  in  the 
dibromide.  The  hydrocarbon  was  desiccated  with  calcium  chloride.  It  distilled 
completely  at  52.2  -  52.6*  at  750  mm.  A  test  for  halogens  was  negative. 

The  hydrocarbon  was  colored  yellowish-green  by  tetranltromethane.  It  reacted 
quantitatively  with  Behai's  reagent,  proaucing  a  voluminous  white  precipitate. 
Ammoniacal  cuprous  chloride  threw  down  a  yellow  precipitate.  The  silver 
derivative  detonated  when  heated. 

d|o  0,7828,"  n|°  1,4284,  Found  MR^  21,71.  CsHep^  .  Calculated  MRj)  21.73 

(the  increment  of  a  three-membered  ring  being  taken  as  0,7). 

0,1054  g  substance:  0.3503  g  COgJ  O.O867  g  H2O.  Foimd  C  90.70;  H  9.21, 
C5H6.  Calculated  C  90.91?  H  9.09. 

The  Raman  spectrum  is  given  above. 

0.7  g  of  the  hydrocarbon  was  ozonated  in  a  chloroform  solution  chilled 
with  dry  ice.  The  ozonide  was  decomposed  with  water.  The  reaction  products 
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were  heated  with  an  excess  of  silver  oxide  on  a  boiling  water  bath.  The 
silver  salts  were  dissolved  in  a  large  amount  of  water  and  then  heated  on  a 
boiling  water  bath  until  the  silver  formate  decomposed  completely.  The 
residual  silver  salts  were  concentrated  to  small  volume  in  vacuo.  The 
colorless  crystals  that  settled  out  were  squeezed  out  on  a  porcelain  plate, 
kept  in  a  desiccator  over  sulfiirlc  acid,  and  then  analyzed. 

O.CA-TT  g  substances  0.0266  g  Ag.  Found  ^s  Ags  55»T7«  C4H502Ago 

Calculated  ^s  Ag  55»95'> 

a.a-^Dichloroethylcyclopropane .  Methyl  cyclopropyl  ketone,  with  a  b.p.  of 
111-112.5*,  prepared  from  acetopropyl  alcohol  [8,9],  was  treated  with  PCI5, 

20  g  of  the  ketone  being  slowly  added  to  a  flask  containing  55  g  of  phosphorus 
pentachlorlde,  chilled  with  ice  water.  After  the  ketone  had  been  added,  the 
mixture  was  allowed  to  stand  for  1  hour  at  room  temperature  and  then  poured 
out  into  ice  water.  The  dichloride  was  extracted  with  ether,  washed  with 
water,  and  desiccated  with  calcium  chloride.  Driving  off  the  ether  yielded 

21  g  of  the  crude  chloride,  or  64^  of  the  theoretical.  Distilling  the  crude 
product  at  85  mn  yielded  the  following  fractionss  l)  64  -  66* s  gj 

2)  67  -  91*  s  7  gj  and  3)  91  ”  94*  s  9  gj  "the  flask  residue  weighed  I.5  g« 

The  64  -  66*  fraction  contained  some  of  the  original  ketone  (reaction  with 
2,4-dinitrophenylhydrazine) .  The  intermediate  fraction  was  a  mixture  of  the 
dichloride  and  the  unsatnrated  monochloride,  formed  by  the  splitting  off  of 
hydrogen  chloride.  The  91  "  94*  fraction  consisted  chiefly  of  the  cyclic 
dichloride,  with  a  trace  of  the  unsaturated  dichloride,  formed  as  the  result 
of  the  cleavage  of  the  three^membered  ring. 

d|°  1,12561  ng°  lo4680|  MRp  34,355  Calc,  34.54. 

0.0474  g  substance;  0.0938  g  AgCl  (Carlus).  Found  Cl  48,95* 

C5H8CI2.  Calculated  ^s  Cl  5I.O8. 

Raman  spectrum  of  the  fraction  with  a  b.p.  of  91  °  94*  at  85  mms  515(2), 
558(5),  576(5),  618(2),  ^58(4),  695(2),  757(4),  1187(5),  1551(2),  1580(5) , 
1444(5),  i64o(5),  i668(8),  2872(4),  3013(2),  3078(2). 

A  comparison  of  the  intensity  of  the  three-membered  ring  frequencies  with 
those  of  the  double  bonds  indicated  a  substantial  predominance  of  the  unsatur¬ 
ated  chlorides. 

Splitting  hydrogen  chloride  out  of  Fractions  2  and  3.  15  g  of  "the  chloride 
were  added  to  a  solution  of  25  g  of  KOH  in  70  g  of  ethyl  cellosolve  heated  to 
boiling.  The  experimental  conditions  employed  were  those  described  above  for 
the  synthesis  of  cyclopropylacetylene.  The  yield  of  the  hydrocarbon  was  2.7  g, 
or  88^  of  the  theoretical.  The  hydrocarbon  had  a  b.p.  of  5^  -  57*  (778nim) 
after  desiccation  with  calcium  chloride.  The  hydrocarbon  exhibited  positive 
reactions  with  Behai's  reagent  and  with  ammoniacal  cuprous  chloride.  It 
colored  tetranitrome thane  a  bright  yellow. 

dt°  0.758^1  ng°  1.44742;  MRj)  23.27.  CsHeP^.  Calculated  MRj)  22.76. 

Exaltation;  0.51» 

Raman  spectrum  of  the  hydrocarbon;  145(4),  172(3) .  207(4) .  259(2),  319(3), 
361(2),  399(2),  465(2),  488X2),  518(277  587(1).  612(1).  648(1),  685(1),  7l8(l), 
752(2) .  791(1),  820(2broad) .  86o(l) .  873(l) .  938(3) .  1001 (2).  1033(2).  1082(2), 

1111(2),  1163(4),  1187(3),  1288(5),  1351(6).  1378(3),  1412(5),  1454(1).  1478(1), 
1586(2),  1609(8),  2098(4),  2122(3) .  2189(2),  2257(10),  2839(2),  2860(2),  2889(2), 

2921(4),  3013(3),  3023(3) .  3087 ( 3 )  (the  frequencies  underlined  refer  to  cyclo¬ 
propylacetylene.) 
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SLIMMARY 


1.  Cyclopropylacetylene  has  been  synthesized,  and  its  constants 
Raman  spectrum  given, 

2„  It  has  been  shown  that  "vinyl trimethylene  bromide"  is  not  an 
individual  substance,  but  contains  an  open-chain  isomeric  dibromide, 

3o  The  reaction  of  acetylcyclopropane  with  PCI5  has  been  invests 

4„  It  has  been  shown  that  the  presence  of  two  chlorine  atoms  at 
a-position  to  the  three-membered  ring  promotes  the  latter's  cleavage, 

5.  Splitting  hydrogen  chloride  out  of  the  mixture  of  dichloridev 
produced  by  reacting  acetylcyclopropane  with  PCI5  yields  a  hydrccaxbr: 
mixturo  that  contains  constituents  with  conjugated  acetyl ene-ethyie?-ir 
in  addition  to  cyclopropylacetylene. 
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SYNTHESIS  OF  HYmOCARBONS 

VII.  HOMOMESITONES  IN  THE  SYNTHESIS  OF  PARAFFIN 
HYDROCARBONS  OF  ISOMERIC  STRUCTURE 

RoYa. Levina,  N.P.Shusherina,  E.G.Treshchova,  and  V.M.Tatevsky 


In  one  of  our  previous  reports  [l]  we  described  the  synthesis  of  2,4- 
dimethylalkanes,  involving  the  following  series  of  reactions; 


+RCH2MgBr 


CH3C=CHC0CH3  — 
CH3 

'  CH3C=CH-C=CHR 
I  I 
CH3  CH3 

CH3(j:=CH-C-CH2R 
CH3  CH2 


- >►  CH3C=CH-C-CH2R  — ► 

I  I 
CH3  CH3 

CH3CH-CH2-CH-CH2R 
CH3  CH3 

(where  R  =H,  CH3,  C2H5,  C3H7,  C4Hg,  i-C4H9). 


The  initial  substance  for  these  syntheses  was  the  readily  available  unsatur¬ 
ated  ketone  mesityl  oxide.  We  were  interested  in  employing  homologs  of  mesityl 
oxide,  the  so-called  "homomesitones,  "  as  initial  substances  in  similar  reactions 
to  synthesize  alkanes  of  isomeric  structure. 

The  structure  of  the  "homomesitones"  -  unsaturated  ketones  produced  by 
condensing  methyl  ethyl  ketone  with  various  condensing  agents,  both  alkaline 
and  acid  -  has  been  often  discussed  in  the  literature. 

It  has  been  established  that  alkaline  agents  condense  methyl  ethyl  ketone 
at  the  expense  of  the  hydrogen  atoms  in  the  methyl  group,  yielding  5=niethyl- 
hepten-3“One-5  ("homomesitone"  A  [2,3])  with  some  of  another  ketone  A'  that 
has  the  same  carbon  skeleton  but  has  the  double  bond  in  another  position  - 
3-methylhepten-2-one-5  [3]* 


C2H5CO  +  CH3COC2H5 


C2H5C-CH2COC2H5 

CH3 


C2H5C=CHC0C2H5 
CH3  A 


CH3CH=C-C  H2C  OC2H5 
CHc,  A’ 


The  condensation  of  methyl  ethyl  ketone  by  acid  agents  involves  the  hydrogen 
atoms  of  the  methylene  group,  yielding  a  mixture  of  two  unsaturated  ketones 
(5,4-dimethylhexen-3-one-5  (B)  and  3>4-dimethylhexen-2-one-5  (B’)  [2,3],  again 
differing  solely  in  the  position  of  the  double  bond; 
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C2H5CO  +  CHg— COCHa 
CHa  CHa 


Cl 

C2H5C— CHCOCHa  C2H5C==C-COCHa 


CHa  CHa 


CHa  CHa 


(B) 


CHaCH^C - CHCOCHa 

CHa  CHa 


(B’) 


In  the  present  research  we  utilized  'homomesitones "  to  synthesize  some 
paraffin  hydrocarbons  of  isomeric  structure  that  are  not  described  in  the 
literature  and  are  accessible  with  difficulty. 

The  "homomesitones ”  A  and  A',  prepared  by  condensing  methyl  ethyl  ketone 
with  calcium  carbide,  were  the  initial  substances  for  the  synthesis  of  3^5“ 
dimethylheptane  and  its  homologs  =  the  3“nie'thyl-5-ethylalkanes  (l)  .  The 
mixture  of  the  A  and  A’  ”homome sit ones"  was  reacted  with  methyl-,  ethyl-, 
propyl-,  and  butylmagneslum  halides,  dehydration  of  the  products  of  each 
of  these  reactions  (unsaturated  tertiary  alcohols)  followed  by  catalytic 
hydrogenation  of  the  resulting  diene  hydrocarbons  (all  with  the  same  carbon 
skeleton  but  differing  in  the  position  of  their  double  bond)  resulting  in 
the  preparation  of  a  series  of  paraffins;  3^5-dimethylheptane,  3-niethyl-5“ 
ethylheptane,  3“niethyl-5“ethyloctane,  and  3-niethyl-5-ethylnonane; 


OH 


CH3CH2C=CHC0C2H, 
CH3  (A) 


+RMgHa:i^^ 


CH3CH=C-CH2C0C2H5 
CH3  (A') 


CH3CH2C==CH-C-R 

CH3  C2H5 

OH 

I 

CH3CH=C-CH2C-R 
I  I 
CH3  C2H5 


Mixture 
of  dienes 


H2 

Pf 


CH3CH2CI^CH2-CHR 
CH3  C2H5 


(I) 


(where  R  =CH3,  C2H5,  C3H7,  C4H9) 


The  diene  mixture  produced  in  one  of  these  reactions  (R—CHs);  3^5- 
dimethylheptadienes  and  3“niethyl-5-ethylhexadienes  (products  of  the  dehyration 
of  the  alcohols  produced  in  the  reaction  of  the  A  and  A'  "homomesitones'' with 
methylmagnesium  iodide)  was  reduced  with  sodium  in  liquid  ammonia.  The  re¬ 
duction  product,  the  ethylenic  hydrocarbon  C9H18,  was  3j5-dimethylheptene-3 
(III),  as  proved  by  its  oxidationj  this  served  to  confirm  the  structure  of  the 
carbon  skeleton  of  the  initial  dienes; 


CH3CH2C=CM=CHCH3 
CH3  CH3 

C  H3C  H2C  =C  H-C  =C  H2 
CH3  C2H5 


H2 


CH3CH2C  =CH-CH“CH2CH3 

ci4  CH3 
(III) 
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The  mixture  of  the  B  and  B'  "homomesitones, "  produced  by  condensing  methyl 
ethyl  ketone  with  hydrogen  chloride,  and  reacting  the  resulting  3-chloroketone 
with  pyridine,  served  as  the  initial  substances  for  the  synthesis  of  paraffin 
hydrocarbons  of  different  structure  (ll)t  2,3^^-trimethylhexane  and  its 
homologs  -  5-‘trimethylheptane. 

The  mixture  of  the  B  and  B'  '^omomesitones ”  was  reacted  with  methylmagnesium 
iodine  and  ethylmagneslum  bromide;  dehydration  of  the  unsaturated  tertiary 
alcohols  produced  in  each  instance  resulted  in  the  formation  of  mixtures  of 
diene  hydrocarbons  paving  the  same  carbon  skeleton  in  each  instance,)  which 
yielded  2,3,^-trimethylhexane  and  3^^^5-'trimethylheptane  upon  catalytic 
hydrogenation. 


C2H5C==C-C0CH3 
CH3  CH3  (B) 


CH3CH=C - CHCOCH3 


4-RMgHal 


CH3  CH3  (B’) 


■> 


mixture  of  dienes 


+H 


CH3  CH3  CH3 


C  2H5C  H - C  H - C  I^-R 

I  I  I 

CH3  CH3  CH3  (II) 


(where  R— CH3  and  C2H5) 

The  structure  of  the  synthesized  hydrocarbon's  of  both  series  (l  and  II), 
stemming  from  the  very  method  of  synthesis,  was  confirmed  by  comparing  the 
Reiman  spectra  of  two  isononanes  (representatives  of  each  of  these  series? 
3,5-dimethylheptane  and  2,3;^“trimethylhexane) ,  with  the  spectra  given  in  the 
literature  for  these  hydrocarbons. 

Hence,  the  reaction  of  the  "homomesitones "  (unsaturated  ketones  produced 
by  the  condensation  of  methyl  ethyl  ketone  by  alkaline  and  acid  agents)  with 
organomagneslum  compounds  may  be  utilized  as  a  method  of  synthesizing  alkanes 
of  a  definite  structure;  3^5”‘iiDiethylheptane  and  2,3,^-trimethylhexane,  as  well 
as  their  homologs;  3-iniethyl-5-”ethylalkanes  (l)  and  5^^;5-‘brimethylalkanes  (ll); 


C— C— C— C—C— R 

I  I 

c  c — c 


-c — C — C — C — R 
I  I  I 
c— c— c 


(I)  (II) 

EXPERIMENTAL 

Synthesis  of  3»3-Dlniethylheptane 

The  preparation  of  a  mixture  of  the  "homomesitones "  A  and  A’  (by  condensing 
methyl  ethyl  ketone  with  calcium  carbide) ,  their  reaction  with  methylmagnesium 
iodide,  resulting  in  the  formation  of  unsaturated  tertiary  alcohols,  and  the 
preparation  of  dienes  from  them  by  means  of  dehydration  have  been  described  in 
detail  in  one  of  our  preceding  reports  [4]. 

The  resulting  mixture  of  dienes  (3,5-dlmethylheptadienes  and  3-niethyl-5- 
ethylhexadienes)  with  a  yield  of  86^,  based  on  the  ’homomesitones, "  ^  had  the 

1)  The  yield  of  8^^  of  the  theoretical  was  secured  with  the  following  proportions 
of  the  homomesltone,  methyl  iodide,  and  magnesium;  l;1.5sl*5«  The  yield  of  dienes 
dropped  to  of  the  theoretical  when  equlmolecular  quantities  of  these  com- 
ponents  were  used. 
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following  constants  after  distillation  above  sodium  into  a  towers 


Bcpo  136  =  lh2'  at  760  mmi  n|°  1,44955  c*!®  0.76755  MRp  43.40 

CgHiefe.  Calculated?  MRj)  42o02j  EMp  0.62. 

Partial  reduction  of  the  mixture  of  3  «'5-dimethylheptadienes  and  3-niethyl-  ' 
5-ethylhexadienes  with  sodium  in  liquid  ammonia.  An  ether  solution  of  17  g 
of  the  alkadiene  mixture  (136-142*)  was  added,  with  constant  stirring,  to  a 
solution  of  25  g  of  sodium  in  liquid  ammonia  (— 50  to  — 60*),  after  which 
stirring  was  continued  for  another  5-6  hours  at  the  same  chillijig' temperature. 
Then  100  ml  of  absolute  ether  were  added,  and  the  reaction  mass  was  allowed 
to  stand  overnight  at  room  temperature  to  evaporate  the  ammonia.  The  next  day 
the  excess  sodium  was  decomposed  with  water  under  the  ether  layer.  The  ether 
extract  was  washed  and  desiccated  with  calcium  chloride,  the  ether  was  driven 
off,  and  the  residue  was  distilled  above  sodi'um  into  a  column  with  an 
efficiency  of  25  theoretical  plates.  The  yield  was  12  g  of  a  hydrocarbon 
(70^  of  the  theoretical)  with  the  following  constants? 

B.p.  130,7  •“  131.2*  at  755  nmi,”  1.4222;  df°  0.75995  ^5.55. 

C9H1S-.  Calculated?  43. 30. 

The  alkene  (ill),  3^5'=d.imsthylheptene-3^  is  not  described  in  the 
literature. 

Oxidizing  it  with  potassium  permanganate  in  acetone  solution  yielded 
methylethylacetic  acid,  b.p.  173  "  175* >  whose  p-phenylphenacyl  ester  (C2H5CH- 
(CH3)C00CHpC0CsH4C3H5) ,  was  prepared;  the  ester  had  a  m.p.  of  65  -  66*  after 
triple  recrystallization  from  alcohol.  The  literature  gives  the  melting  point 
of  methylethylacetic  acid  as  175  -  176*  [5].  The  methylethylacetic  acid  we 
synthesized  by  utilizing  sodium,  malonlc  ester  had  a  m.p.  of  174  =-  176*,  while 
the  m.p,  of  its  phenylphenacyl  ester  was  66®;  the  mixed  melting  point  of  the 
latter  ester  with  the  p-phenylphenacyl  ester  of  the  acid  produced  by  oxidizing 
the  alkene  was  the  sam,e?  66*. 

Hence,  the  oxidation  products  of  the  alkene  produced  by  partially  reducing 
the  alkadiene  mixture  turned  out  to  be  methylethylacetic  acid,  which  proved 
that  the  structure  of  the  alkene  was  that  of  5,5-“'3.im.ethylheptene-3,  thus  con=- 
firming  the  struct'ure  of  the  carbon  skeleton  in  the  original  alkadienes. 

Catalytic  hydrogenation  of  the  mixture  of  3»5-dimethylheptadienes  and 
3-methyl-5“etxhylhexadienes  synthesis  of  3  >5-°dimethylheptane .  The  mdxture  of 
dienes  with  a  b.p,  of  1^6  -  l42*  was  passed  over  platinized  charcoal  at  I65* 
in  a  current  of  hydrogen.  The  resulting  3>5“dlm.ethylheptane  was  distilled  above 
sodi'im  iinto  a  column  with  an  efficiency  of  25  theoretical  plates).  Its  con¬ 
stants  and  analysis  are  given  in  Tables  3  and  4.  A  Raman  spectrum  was  taken 
of  the  synthesized  alkane. 

The  spectrum,  was  made  with  a  Stelnheil  spectrograph,  using  the  customary 
slit  width  of  6  cm“^;  the  intensity  of  the  lines  was  measured  visually  on  a 
nominal  scale  on  which  the  intensity  of  the  1450  cmT^  frequency  was  taken 
as  10  units. 

In  comparing  our  spectrum  (comprising  30  lines)  with  the  spectrum  of 
3,5-dimethylheptane  secured  by  Fenske  [6]  (Table  l),  we  found  that  several 
frequencies  in  osir  spectrum,  were  absent  in  Fenske 's  spectrum. 

Inasmuch  as  the  hydrocarbon  spectra  recorded  by  that  author  were  made 
with  a  spectrograph  having  a  slit  width  of  I5  cmT^,  we  re-recorded  the  3,5- 
dime  thy  Iheptane  spectrum  with  a  I5  cm~^  slit.  The  new  spectrum  we  secured 
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consisted  of  26  lines.  Some  of  the  lines  that  were  resolved  in  the  spectrum 
photographed  with  a  slit  width'  of  6  cmT^  formed  wide  bands  that  ran  together 
into  a  single  line  in  the  spectrum  made  with  the  15  cmT^  slit. 

The  spectrum  we  photographed  with  the  15  cmT^  slit  coincided  in  general 
with  Fenske's  spectrum,  but  had  two  more  lines;  apparently  the  photoelectric 
method  that  Fenske  used  did  not  enable  him  to  record  lines  of  low  intensity. 

To  confirm  this  conclusion  we  compared  the  finding  obtained  by  F.A.Bazhulin, 

B, A. Kazansky,  and  their  associates  [7]^  using  a  6  cmT^  slit  with  those 
obtained  by  Fenske  [6]  with  a  I5  cm“^  slit  for  the  spectra  of  several  branched 
hydrocarbons.  We  found  that  there  was  the  same  difference  between  the  spectra 
recorded  by  these  authors  for  numerous  hydrocarbons. 

Synthesis  of  5-Methyl-5-Ethylalkanes 

The  mixture  of  the  'homome sit ones*’  A  and  A*  was  reacted  with  ethyl-, 
propyl-,  and  butyl-  magnesium  bromides  by  the  method  we  have  described  [4]  for 
the  reaction  of  these  same  '*homomesitones "  with  methylmagnesium  iodide,  though 
the  component  proportions  were  different  -  1:1. 2:1. 2  of  the  ’’homomesitone,  " 
the  alkyl  bromide,  and  the  magnesium,  respectively. 

5 -Methyl-5 -ethylheptane .  Reacting  the  '*homomesitones ■  A  and  A’  with 
ethylmagnesium  bromide  resulted  in  the  formation  of  unsaturated  tertiary 
alcohols,  which  were  then  dehydrated  by  distillation  with  iodine.  The  resultant 
mixture  of  dienes  =  3'=niethyl-5-ethylheptadiene-5,5  and  5-niethyl-5-ethylheptadiene— 
2,4  (the  yield  being  52^  of  the  theoretical,  based  on  the  intlal  "homomesitones "  ) 
had  the  following  constants  after  distillation  above  sodium  into  a  columns 


B.p.  156  -  160*  at  751  nim;  ng°  1.4510;  d|°  0.7740;  MRj,  48. 08.  CioHiars^ 
Calculated;  MRjj  47.45;  EMp  O.65. 

TABLE  1 


Raman  Spectrum  of  5t^“Dlniethylheptane 


5,5-Dimethylheptane,  produced  by 
hydrogenating  a  mixture  of 
alkadienes  (l56-l42*)  (slit 
width  6  cm“^). 


3,5"I)inio'thylheptane,  according  to 
Fenske  (slit  width  15  cm 


520(5),  567(0.5),  415(0.5),  449(2, r),  467(0.5), 
766(5.5),  792(1, r),  822(2.5),  855(2),  864  (  0.5), 
894(1.5),  955(1. 5, r),  965(0),  985(5, h),  996(1), 
1058(1.5),  1055(2),  1085(0.8),  1149  (2,h), 
1170(2.5),  1189(0),  1227(0,5),  1269(2.5),  1298 
(1),  1525(0.5),  1555(5),  1582(0),  1440  (10  s), 
l46o(9,h) . 

518(0.020),  447(0.052),  767  (0.045),  824.(0.055), 
892(0.019),  956(0.019),  987(0.060),  1059 
(0.044),  1160(0.055),  1285(0.025),  1504(0.014), 

1556(0.055),  1456(0,179). 


3 

II 


Hydrogenation  of  the  resultant  diene  mixture  at  I70®  above  platinized  | 

charcoal  yielded  the  paraffin  hydrocarbon  5-niethyl-5-ethylheptane,  which  was  i 

distilled  above  sodium  into  a  column  with  an  efficiency  of  40  theoretical  plates.  \ 

The  constants  and  analysis  of  the  synthesized  5-niethyl-5-ethylheptane  are  listed  in  J 
Tables  5  and  4.  ' 

5-Methyl-5°ethyloctane .  Reacting  a  mixture  of  the  "  homomesitones"  A  and  A* 
with  propylmagnesium  bromide  yielded  unsaturated  tertiary  alcohols,  dehydration 
of  which  (by  distillation  with  iodine)  yielded  a  mixture  of  dienes,  5-niethyl-5-  ! 

ethyloctadlenes  and  5-niethyl-5-propylheptadienes,  which  had  the  same  carbon 
skeleton  (the  yield  was  66^  of  the  theoretical,  based  on  the  "homomesitones"). 

The  alkadiene  mixture  had  the  following  constants  after  distillation  above 
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sodium  into  a  column; 


B.p.  173  “  175*  at  759  mm;  ng°  lo4350;  dj°0.7784;  MRj,  52.85,CiiH2o.l2* 

Calculated;  MRj)  52„06;  EMp  Oo79o 

Catalytic  hydrogenation  of  this  alkadiene  mixture  yielded  5-methyl-5- 
ethyloctane,  which  was  distilled  above  sodium  into  a  column  with  an  efficiency 
of  40  theoretical  plates «  Its  constants  and  analysis  are  listed  in  Tables  3 
and  4o 

3-Methyl-3-ethylnonane .  Reaction  of  the  mixture  of  the  •'homomesitones " 

A  and  A*  with  butylmagnesium  bromide  yielded  unsaturated  tertiary  alcohols, 
dehydration  of  which  (by  distillation  with  iodine)  yielded  a  mixture  of  dienes, 
3-methyl-5-=ethylnonadienes  and  3‘-methyl=5“^^‘tylbeptadienes,  which  had  the 
same  carbon  skeleton  (the  yield  was  50^  of  "tbe  theoretical  based  on  the 
*' homomesitones ") ,  The  alkadiene  mixture  had  the  following  constants  after 
distillation  above  sodium  into  a  column; 


B.p,  l88  ^  191*^  at  750  mm;  ng°  1  =  4525; 
CiaHsaFs"  Calculated;  MRp  50-68;  EMj^ 


df®  0.7874;  MRj3  57-01  = 

0.33- 


Catalytic  hydrogenation  of  this  alkadiene  mixture  at  I70*  above  platinized 
charcoal  yielded  3'=methyl‘=5‘”0‘thylnonane,  which  was  distilled  above  sodium  into 
a  column  with  an  efficiency  of  40  theoretical  plates.  Its  constants  and 
analysis  are  listed  in  Tables  3  and  4. 


Synthesis  of  2;394°Trlmethylhexane  and  3»4,5--Trimethylheptane 

Preparation  of  a  mixture  of  the  ° homomesitones ”B  and  B*  (3 >4-dimethyl- 
hexen^-one-5  and  3  »4°-diniethylhexen--2-one-5  - )  Methyl  ethyl  ketone  (430  g) 
was  saturated  with  anhydrous  hydrogen  chloride  (l40  g)  at  room  temperature,  the 
resultant  mixture  being  allowed  to  stand  for  48  hours  and  then  treated  with  400 
ml  of  water.  The  layer  of  3-chloro=3^4-dimethylhexanone-5  was  separated, 
desiccated  with  calcium  chloride,  and  distilled  in  vacuo  (b.p.  124  -  ]26*  at 
150  mm;  yield  200  g) =  The  synthesized  3-chloroketone  was  boiled  with  pyridine 
(100  g)  for  four  hours  to  split  off  hydrogen  chloride.  After  the  reaction 
mixture  had  cooled,  the  reaction  product  was  filtered  to  remove  the  crystalline 
precipitate  of  pyridine  hydrochloride,  washed  repeatedly  with  a  20^  aqueous 
solution  of  alkali  and  with  water,  desiccated  with  calcium  chloride,  and 
distilled  two  or  three  times  to  eliminate  its  dissolved  pyridine  hydrochloride. 
Subsequent  fractional  distillation  (into  a  column)  yielded  a  mixture  of  the 
•homomesitones"  B  and  B’  (95  g>  or  6l^  of  the  theoretical,  based  on  the  3-chloro- 

3.4- dimethylhexanone-5  used),  which  had  the  following  constants; 

B.p,  156,5  “  160*  at  760  mm;  ng°  l,44lO;  df®  0,8660,  The  literature  [3] 
gives  the  following  constants  for  the  "homomesitones"  B  and  B’ ;  for  3>4-dimethyl- 
hexen-3-one-5  (b)  ->  b.p,  160*  at  750  mm;  n})®  1,4529;  d^^  O.8685,  and  for 

3.4- dlmethylhexen-2-one-.5  (B')  -  b.p,  154*  at  750  mm;  n|°  1,4577;  d|°  0.8539- 

The  mixture  of  the  "homomesitones'”  B  and  B’  was  reacted  with  organomagnesium 
compounds  (proportions  of  the  components;  the  ketone,  the  alkyl  halide,  and  the 
magnesium,  were  l;l,5sl=5^  respectively)  under  the  conditions  set  forth  in  our 
preceding  report  [4]  for  the  reaction  of  met hylmagne slum  iodide  with  the 
•homomesltone  •’  A, 


2,58 4-Tr imethylhexane .  The  reaction  of  the  mixture  of  the  ’homomesitones" 

B  and  B'  with  methylmagnesium  iodide  yielded  unsaturated  tertiary  alcohols, 
dehydration  of  which  (by  distillation  with  iodine)  produced  a  mixture  of  dienes, 

2,5,4-=trimethylhexadienes,  the  yield  being  65^  of  the  theoretical,  based  on 
the  initial  mixtiire  of  unsaturated  ketones.  After  it  had  been  distilled  above 
sodium  (into  a  column),  the  resulting  mixture  of  2,5,4-trimethylhexadienes  had  the 


following  constants: 

B.p,  130.7  “  133. 5*  at  7^8  minj  n|°  1.4451;  d?°  0.7649;  MRj.  43.22. 

CgHierE.  Calculated;  MRd  42.82;  EMp  0.4. 

Figures  in  the  literature  [8]  for  2,3j4-trimethylhexadienes:  b.p. 

134  -  135*  at  768  mm;  ng°  1.4425;  d|°  0.7701. 

Catalytic  hydrogenation  of  the  mixture  of  2,3^^-trimethylhexadienes  at 
170®  above  platinized  charcoal  yielded  the  isononane,  which  could  also  be 
assigned  the  structure  of  2,3,4-trimethylhexane.  The  resultant  alkane  was 
distilled  above  sodium  into  a  column  with  an  efficiency  of  50  theoretical 
plates  (its  constants  and  analysis  are  listed  in  Tables  3  and  4).. 

The  structure  of  the  synthesized  isononane  was  confirmed  by  analysis 
of  its  Raman  spectrum. 

The  spectrum  was  recorded  under  the  conditions  described  above.  All  the 
principal  spectral  lines  coincided  with  the  strong  lines  of  the  2,3,4-trimethyl¬ 
hexane  spectrum  cited  by  Fenske  [6]  (Table  2).  Our  spectrum  proved  to  be 
much  richer  in  lines,  and  in  it  lines  were  resolved  that  ran  together  into  a 
single  band  in  Fenske 's  spectrum.  This  discrepancy  may  be  attributed  to  the 
differences  in  the  recording  conditions  cited  above,  as  well  as  to  the  lower 
sensitivity  of  the  photoelectric  method  employed  by  Fenske. 


TABLE  2 


Raman  Spectrum  of  2,3^ 4-Trimethylhexane 


2,3,4 -Tr Ime thy Ihexane 
synthesized  in  the 
present  research 


2,3,4-Trimethylhexan9, [ 
according  to  Fenske  i 


274  (0.2,  r;  h),  333(2.5,  r),  357  (O.l),  397-401 
(0.4,  r),  434  (1),  466  (4,  r),  471  (l),  5l6  (0.3), 

570  (1),  586  (1),  676  (0),  735  (1-5),  7^6  (2.5,  h), 

764  (1.5),  769  (1.5),  779  (1.5),  806  (1.5),  822  (1.8,  h) 
875  (3.5),  896  (0.3),  915  (3.5),  956  (4),  978  (1),  996 
(1.8),  1031  (2),  1056  (1),  1085  (0.8),  1107  (0.5,  r;  h) , 
1165  (4),  1183  (1.5),  1258  (0.1,  h),  1270  (0.3),  1292 
(2),  1315  (0.5),  1323-1327  (1.5  ...  0.8),  1355  (2), 

1382  (1),  1448  (10,  h),  1463  (lO),  2809  (2.5),  2864, 
(2.5),  2877  (6,  h),  2916  (3.5),  2943  (3.5),  2968  (4,  r), 
3032  (2). 

325  (0.025),  ^04  (0.016),  462  (0.057),  596  (0.016), 

754  (0.069),  812  (0.037),  874  (0.038),  918  (0.032), 

957  (0.044),  1000  (0.030),  1029  (0.024),  1166  (0.068), 
1292  (0.023),  1330  (0.030),  1460  (0.177). 


3,4,5 -Tr imet hylheptane .  Reacting  a  mixture  of  the  "homomesltones •  B  and  B' 
with  ethylmagnesium  bromide  yielded  a  mixture  of  unsaturated  tertiary  alcohols. 
Dehydrating  this  latter  mixture  by  passing  it  over  chromic  oxide  on  alumina  at 
250®  in  a  current  of  nitrogen  resulted  in  the  formation  of  a  mixture  of  dienes, 
3,4,5-trimethylheptadienes  and  3,4  -dimethyl-5-ethylhexadienes,  which  had  the 
same  carbon  skeleton,  the  yield  being  65^  of  the  theoretical,  based  on  the  initial 
mixture  of  " homome sit ones ".  The  alkadiene  mixture  had  the  following  constants 
after  distillation  above  sodium  (into  a  column); 

B.p.  155-160“  at  765  nun;  n|°  1.4520;  df°  0.7797;  MBp  47.83.  CioHisrs. 

Calculated:  MRp  47.45;  EMp  O.58. 

According  to  the  literature  [8],  a  mixture  of  dienes  produced  in  the  same 
manner  distilled  at  149-159“  at  743  nun. 
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TABLE  3 


Structure  of 
hydrocarbon 


C  C-C 
(I) 


Name  of 
hydrocarbon 


Melting 


CH3 

3 , 5 -Dimethylhep- 

tane^). . . 

134.6-155’ 

(760  mm) 

C2H5 

3-Methyl -5- 

158.2-158.4 
(762  mm) 

1 

ethylheptane .... 

C3H7 

3-Methyl-5- 

176-176.5 

(765  nun) 

ethyloctane. .... 

C4H9 

5 -Methyl -5- 

ethylnonane ..... 

195-195.2 

(768  mm) 

CH3 

2 , 3  ^  4 -It  ime  thy  1  - 

C-C-C 


^20 

r,20 

n4 

43.76 
1^8.38 
52.99 
57.61 

45.76 

1^8038 


Hydrocarbon 


3 , 5 -Dimethylheptane 
3 -Methy 1-5 -et hy Ihep 


Calculated  I  General 
formula 


15.62  C9H20 


SUMMARY 


1.  A  method  has  been  developed  for  synthesizing  the  difficultly  accessible 
isomeric  paraffin  hydrocarbons  3,5-<ilmethylheptane  and  its  homologs;  the  3-niethyl- 
5-ethylalkane.  The  method  involves  a  reaction  between  a  mixture  of  the  "homomesi- 
tones"  3-niethylhepten-3-one-5  and  5-niethylhepten-2-one-5  (products  of  the  con¬ 
densation  of  methyl  ethyl  ketone  with  calcium  carbide)  and  organomagnesium  com¬ 
pounds,  followed  by  dehydration  of  the  products  of  this  reaction  -  unsaturated 

tertiary  alcohols  —  and  catalytic  hydrogenation  of  the  resultant  dienes. 

We  have  thus  synthesized  3^5-<iiniethylheptane,  3-niethyl-5-ethylheptane,  3- 
methyl-5-ethyloctane,  and  3-niethyl-5-ethylnonane,  not  hitherto  described  in  the 
literature. 

2o  A  method  has  been  developed  for  synthesizing  the  difficultly  accessible 
isomeric  paraffin  hydrocarbons:  2,3,^-trimethylhexane  and  its  homologs,  the  3A^5- 
trimethylalkanes .  The  method  Involves  a  reaction  between  a  mixture  of  the  "homo- 
mesltones"  3^^-diniethylhexen-3-one-5  and  3 A-dimethylhexen-2-one-5  (condensation 
products  of  methyl  ethyl  ketone  with  hydrogen  chloride)  and  organomagnesium  com¬ 
pounds,  followed  by  dehydration  of  the  products  of  this  reaction  -  unsaturated 

tertiary  alcohols  -  and  catalytic  hydrogenation  of  the  resultant  dienes. 

We  have  thus  synthesized  2,3,^-trimethylhexane  and  3 j^^5“'triniethylheptane , 
not  hitherto  described  in  the  literature. 
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THE  ACTION  OF  PCI3  AND  PBts  UPON  METHYLCYCLOPROPYLCARBINOL 


Ya.  M.  Siobodln  and  I.  N.  Shokhor 


In  our  preceding  report  we  cited  our  data  on  the  synthesis  of  methylcyclo- 
propylcarblnol  [1].  In  view  of  the  fact  that  the  halogen  derivatives  obtainable 
from  this  carbinol  have  not  been  described  adequately  [2,  3]^  we  were  interested 
in  learning  the  conditions  required  for  their  formation  as  well  as  their  stability. 

N.  Ya.  Demyanov  long  ago  [4]  demonstrated  that  iodine  and  phosphorus  react 
with  methylcyclopropylcarbinol  to  produce  quantitative  polymerization,  the  three- 
member  ed  ring  being  ruptured  and  an  unsaturated  iodide  being  formed. 

Splitting  hydrogen  iodide  out  of  the  latter  yields  piperylene: 


CH2=CH-CH2-CHI-CH3 

l>  -CHOH-CH3 

CH3-CHCH-CHI-CH3 


/  ^ 

\  / 


CH2=CH-CH=CH-CH3. 


Although  the  author  was  unable  to  prove  the  structure  of  the  iodide  by 
oxidizing  it  and  analyzing  the  resultant  products,  he  adopted  the  structures  cited 
above  as  the  most  probablp  ones. 

In  our  present  research  we  reacted  methylcyclopropylcarbinol  with  PBr3  in 
the  presence  of  pyridine  [2],  securing  a  mixture  of  bromides,  which  was  found 
to  contain  two  isomeric  monobromides  upon  chemical  and  spectroscopic  analysis. 

One  of  these  monobromides  was  the  normal  reaction  product,  containing  the  cyclo¬ 
propane  ring  (l),  while  the  other  contained  a  double  bond  (ll): 

[>-CHBr-CH3  CH2Br-CH2-CH=CH-CH3. 

(I)  (II) 

The  Raman  spectrum  exhibited  the  double-bond  frequency  1668  cm  which 
identified  the  unsaturated  bromide  as  a  disubstituted  ethylenf=*.  The  spectrum 
was  also  found  to  contain  intensive  C-Br  bond  lines,  with  frequencies  of  5^8, 

638,  and  598  cm~^,  indicating  that  the  -CH2Br  and  =CHBr  groups  were  present  [6]. 

The  presence  of  the  cyclopropane  ring  was  confirmed  by  the  presence  of  the 
747,  826,  899,  1026,  1192,  1492,  3016,  and  3067  cm~^  frequencies  in  the  spectrum. 

The  formation  of  5-^romopentene-2  is  due  to  the  isomerization  of  the  cyclic 
bromide 


[>-CHBr-CH3  ->  CH2Br-CH2-CH=CH-CH3. 
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To  prove  that  the  -CHaBr  group  was  present  in  the  unsaturated  bromide,  the 
latter  was  converted  into  an  ester  by  the  action  of  silver  acetate.  The  ester 
was  hydrogenated  with  a  platinum  catalyst  and  then  saponified  with  an  aqueous 
solution  of  potash.  The  resultant  alcohol  was  converted  into  an  aldehyde  by 
passing  it  over  a  catalyst  (zinc  sulfide  on  pumice).  The  resultant  aldehyde  was 
identified  by  means  of  its  derivative  with  2,4-dinltrophenylhydrazine  (m.p.  98* 
which  is  normal  valeraldehyde . 

Splitting  the  hydrohalide  out  of  5-^romopentene  may  result  in  formation  of 
nothing  but  piperylene,  which  Demyanov  secured  from  the  iodide  long  ago.  It  may 
be  conjectured  the  structure  of  the  iodide  corresponded  to  the  structure  we  have 
cited  for  the  unsaturated  bromide,  since  the  oxidation  products  recovered  by 
Demyanov  contained  neither  3-lodobutyric  nor  a-iodopropionic  acid  [4]. 

The  ratio  of  the  unsaturated  bromide  to  the  trlmethylenic  bromide  was  2:1. 

The  reaction  of  PCI3  with  methylcyclopropylcarbinol  is  different.  The  prin¬ 
cipal  reaction  product  is  the  normal  one  -  a-chloroethylcyclopropane  (QO^i) .  The 
Impurities  were  a  slight  quantity  of  a  hydrocarbon  and  an  unsaturated  chloride. 

The  Raman  spectra  exhibited  the  strong  frequency  of  II9I  cm  ^  for  a  three- 
membered  ring,  as  well  as  the  frequencies  of  762,  821,  1029,  1^50,  3013^  and  3O83 
cm”^  for  the  same  ring. 

Two  very  faint  double-bond  lines  were  found  at  the  frequencies  of  l640  and 
1659  cm  The  first  was  the  line  for  the  trace  of  an  unsaturated  hydrocarbon 
(vinylcyclopropane) ,  while  the  second  was  the  line  for  the  cis  form  of  chloro- 
pentene-2  (1658  cm~^)  [7]-  The  presence  of  a  hydrocarbon  impurity  in  the  chloride 
was  likewise  borne  out  by  the  analytical  findings,  which  invariably  exhibited  too 
low  a  percentage  of  chlorine.  The  percentage  of  both  products  in  the  chloride 
could  be  estimated  as  no  more  than  10^  of  each  from  the  intensities  of  the  double¬ 
bond  frequencies. 

The  data  set  forth  below  enable  us  to  assert  that  these  impurities  are  vinyl- 
cyclopropane  and  5-chloropentene-2,  as  already  stated.  When  hydrogen  chloride 
was  split  out  of  a-chloroethylcyclopropane,  we  might  have  expected  that  the  form¬ 
ation  of  vinylcyclopropane  would  be  paralleled  by  the  formation  of  ethylidenecyclo- 
propane,  which  has  never  been  synthesized  hitherto  and  the  very  existence  of  which 
has  been  doubted,  since  there  are  no  dependable  reports  that  anyone  has  ever  been 
able  to  secure  derivatives  of  cyclopropane  containing  a  heptacyclic  double  bond 
[8-16],  We  ran  direct  tests  on  splitting  hydrogen  chloride  out  of  a-chloroethyl¬ 
cyclopropane.  They  yielded  a  hydrocarbon  mixture  with  a  b.p.  of  40.5-42.5* 

(755  mm),  whose  Raman  spectrum  disclosed  two  very  intensive  double-bond  frequencies, 
l640  and  1655  cm  The  first  of  these  frequencies  is  that  of  the  double  bond  of 
the  hydrocarbon  impurity  in  the  chloride.  Thorough  study  of  the  Raman  spectrum 
of  the  hydrocarbon  mixture  indicated  that  it  contained  all  the  frequencies  charac¬ 
teristic  of  the  three -member ed  ring.  Comparison  of  the  vinylcyclopropane  spectrum 
with  the  one  we  photographed  for  a  hydrocarbon  prepared  by  the  Demyanov  and 
Doyarenko  method  [4]  enabled  us  to  provide  a  definite  answer  to  the  question  of 
whether  vinylcyclopropane  was  present  in  the  hydrocarbon  mixture  (secured  when 
hydrogen  chloride  was  split  out  of  a-chloroethylcyclopropane)  as  one  of  the  mix¬ 
ture's  constituents.  The  spectroscopic  findings 'indicated  that  an  unsaturated 
hydrocarbon  was  another  constituent  of  this  mijiture.  Its  double-bond  frequency 
(1655  cm  ^)  is  quite  different  from  the  frequency  of  the  vinylcyclopropane  double 
bond  (l640  cm  ^). 

The  splitting  of  elements  of  hydrogen  chloride  out  of  the  chloride  may  result 
in  the  formation  of  the  following  four  hydrocarbons; 
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CH3-CH=CH-CH=CH2 


I 


CH2=C-CH=CH2 

( 

CH3 


No  lines  were  found  in  the  Raman  spectrum  of  the  hydrocarbon  mixture  whose 
frequencies  might  have  given  any  indication  of  the  presence  of  isoprene.  On  the 
other  hand,  the  presence  of  all  the  characteristic  frequencies  of  piperylene, 
with  the  sole  exception  of  the  double-bond  frequency  {l6k6  cm”^,  according  to  the 
literature),  indicates  that  this  compound  is  present.  To  clear  up  the  discrepancy 
between  the  data  in  the  literature  and  the  data  we  had  secured  for  the  hydrocarbon 
mixture,  we  photographed  the  spectra  of  the  piperylene  prepared  from  its  crystal¬ 
line  tetrabromide  with  a  m.p.  of  113-11^“,  the  piperylene  prepared  from  its  liquid 
tetrabromide,  and  the  piperylene  prepared  by  rectifying  the  technical  product.  As 
we  see  from  the  appended  table,  piperylene,  in  contrast  to  the  data  in  the  liter¬ 
ature,  contains  four  frequencies  Identifying  its  conjugated  system.  Two  of  them 
are  strong  frequencies,  l646  and  I655  cm  the  other  two  (1596  and  I605  cm 
being  weak.  It  must  be  assumed  that  these  frequencies  refer,  in  pairs,  to  the 
cis  and  trans  forms  of  piperylene.  The  table  does  not  Include  the  Raman  spectrum 
of  the  piperylene  produced  by  rectifying  the  technical  product,  as  its  sole  dif¬ 
ference  lies  in  the  different  intensity  of  the  double-bond  frequencies,  and  hence, 
merely  a  different  ratio  between  the  cis  and  trans  forms. 

The  spectrum  of  the  hydrocarbon  produced  by  splitting  hydrogen  chloride  out 
of  the  a-chloroethylcyclopropane  contains  the  1603  and  1655  cm”^  frequencies, 
the  l646  cm~^  frequency  being  absent.  This  indicates  that  only  trans -piper ylene 
is  formed  when  the  cylopropane  ring  is  opened. 

The  piperylene  is  formed  in  two  stages.  The  first  stage  is  the  result  of 
the  Isomeric  conversion  of  the  a-chloroethylcyclopropane,  while  the  second  is 
the  result  of  the  splitting  out  of  the  hydrogen  chloride. 

Hence,  of  the  four  possible  deha logenat ion  products,  we  have  found  vinyl- 
cyclopropane  and  piperylene.  It  is  hardly  likely  that  isoprene  is  formed,  for 
this  would  involve  the  rupture  of  the  three -member ed  ring  at  an  unsubstituted 
carbon  atom,  which  is  contradicted  by  the  findings  of  many  authors.  We  found 
no  ethyli dene cyclopropane,  but  this  does  not  entitle  us  to  assert  that  it  cannot 
exist. 

The  hydrocarbon  added  23^  more  hydrogen  than  would  have  been  required  for 
a  single  double  bond,  when  it  was  hydrogenated  quantitatively  above  a  platinum 
catalyst. 

When  the  hydrocarbon  mixture  was  brominated,  we  secured  a  crystalline  tetra¬ 
bromide  with  a  m.p.  of  11^.5°,  whose  mixed  melting  point  with  piperylene  tetra¬ 
bromide  or  with  vinyl trimethylene  dibromlde  exhibited  no  depression. 

The  following  aldehydes  were  found  after  ozonolysis  of  the  hydrocarbon 
mixture:  formaldehyde,  acetaldehyde,  and  cyclopf opylformaldehyde. 

It  follows  from  what  has  been  set  forth  above  that  the  nature  of  the  halogen 
atom  at  the  alpha  position  to  the  trimethylene  ring  has  a  great  influence  upon  the 
ring's  stability.  Whereas  the  bromine  atom  produces  complete  cleavage  of  the  ring 
(Demyanov) ,  the  bromine  atom  effects  only  partial  ring  cleavage,  and  the  chlorine 
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Raman  Spectra  (Frequencies  in  cm 
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atom  produces  only  slight  ring  cleavage.  Hence,  the  action  of  PCI3  upon  the 
cyclopropane  carhinols  is  of  practical  usefulness  in  synthesizing  derivatives  of 
this  series. 


EXPERIMENTAL 

g-Br omoethylcyclopropane .  5  grams  of  anhydrous  pyridine  were  added  to  10  g 

of  methylcyclopropylcarbinol  with  a  b.p.  of  121.5-123° ,  dissolved  in  50  ml  of 
anhydrous  ether  [5].  Then  I5  g  of  PBra  were  slowly  added  to  the  mixture  from  a 
dropping  funnel.  The  influx  rate  was  regulated  so  as  to  keep  the  temperature  of 
the  mixture  from  exceeding  30-35**  After  all  the  PBts  had  been  added,  another  3  g 
of  pyridine  were  poured  into  the  mixture,  and  the  mass  was  allowed  to  stand  at 
room  temperature  for  an  hour.  Then  the  mixture  was  poured  out  into  ice  water.  The 
ether  layer  was  separated,  and  the  aqueous  layer  extracted  with  ether.  The  com¬ 
bined  ether  extracts  were  desiccated  with  calcium  chloride.  After  the  ether  had 
been  driven  off,  a  yellowish  oil  with  an  acrid  odor  was  left  within  the  flask. 
Nearly  all  the  bromide  boiled  off  at  ^Q-6l*  and  ^4-0-45  mm.  Only  a  negligible  residue 
was  left  within  the  distilling  flask.  Refractionation  at  752  mm  yielded  the  follow¬ 
ing  fractions;  l)  121-123°,  2  g;  2)  123-124°,  7  g5  and  3)  124-126°,  O.5  g. 


Slight  evolution  of  HBr  was  observed  during  fractionation,  and  a  hydrocar¬ 
bon  odor  was  perceived.  The  total  yield  of  the  bromide  (121-126“ )  was  55^  of 
the  theoretical. 

d|°  I.265I;  ng°  I.U681I;  MRp  32.7^}  Calc.  30. 85. 

The  excessively  high  molecular  refraction  is  due  to  the  presence  of  unsatur¬ 
ated  open-chain  compounds  as  impurities. 

0.2122  g  subs.;  0.2620  g  AgBr;  0.5959  g  subs.:  0.4889  g  AgBr. 

Found  Br  52. 7^^  52.60.  CsHgBr.  Calculated  %:  Br  55.69. 

Determination  of  the  bromine  number  in  the  monobromide  Indicated  that  its 
unsaturation  was  67^.  It  should  be  noted  that  this  method  is  unreliable  for 
mixtures  that  contain  cyclopropane  compounds.  The  unsaturation  is  found  to  be 
too  high  when  the  compound  is  kept  in  contact  with  the  bromine  solution  for  a 
long  time,  even  in  the  dark.  It  goes  as  high  as  7^^^  and  even  87^,  depending 
upon  the  time  of  contact. 

Raman  spectrum;  145(2),  l68(2),  22l(3),  263(2),  292(2),  315(8) ,  39l(l), 

458 (iT,  ^82(1),  568(6  broad),  598(6  broad),  638(10  broad),  683(3),  7^7(2), 

784(1),  826(1),  899(6),  965(1),  987(1),  1026(1),  1079(1),  1105(1),  1149(1), 

1192(4),  1219(2),  1252(2),  1265(2),  1294(2),  1309(2),  1345(1),  1375(5),  1388(5), 
1429(4),  1456(4),  1668(8),  2872(1),  2920(3),  2947(1),  2967(3),  30l6(4),  3087(5). 

Estimation  of  the  Intensities  of  the  three -member ed  ring  frequency  (1192  cm  ^) 
and  of  the  double-bond  frequency  (1668  cm~^)  Indicate  that  the  ratio  of  the  bro¬ 
mide  with  a  three-membered  ring  to  the  unsaturated  bromide  is  about  2:1,  which 
agrees  satisfactorily  with  the  unsaturation  as  determined  from  the  bromine  number. 

Structure  of  the  bromide.  10  grams  of  the  bromide  were  mixed  in  a  small 
flask  with  16  g  of  silver  acetate  and  5  nil  of  glacial  acetic  acid.  The  mixture 
was  then  refluxed  at  118-120“  for  6  hours.  The  reaction  products  were  diluted 
with  water  and  then  extracted  with  ether  after  the  silver  bromide  had  been  fil¬ 
tered  out.  The  ether  solution  was  desiccated  with  calcium  chloride,  the  ether 
driven  off,  and  the  remaining  oil  distilled  at  l4l-l45“. 

The  resulting  ester  was  hydrogenated,  without  further  purification,  at  room 
temperature  above  a  platinum  catalyst.  When  no  more  hydrogen  was  added,  the  ester 
was  saponified  for  12  hours  with  an  aqueous  solution  of  potash.  The  alcohol  with 
a  b.p.  of  132-136“  recovered  after  the  ester  had  been  saponified  was  dehydrogenated 
to  an  aldehyde  at  420°  above  a  catalyst  (ZnS  deposited  on  pumice) . 

The  resultant  aldehyde  produced  a  silver  mirror  with  ammoniacal  silver 
nitrate.  It  formed  two  products  with  2,4-dinitrophenylhydrazine.  One  of  them, 
which  was  only  slightly  soluble  in  alcohol,  had  a  m.p.  of  139-l4l*  and  proved 
to  be  a  derivative  of  acetylcyclopropane .  The  mixed  melting  point  with  the  2,4- 
dlnltrophenylhydrazone  prepared  from  pure  acetylcyclopropane  exhibited  no  depres¬ 
sion. 


The  second  crystalline  product  was  freely  soluble  in  alcohol  and  had  a  m.p. 
of  98“  after  several  recrystallizations;  this  agrees  with  the  melting  point  of  the 
2,4-dinltrophenylhydrazone  of  normal  valeraldehyde . 

It  formed  a  crystalline  precipitate  with  a  m.p.  of  94-99*  when  reacted  with 
dlmedon;  this  is  somewhat  lower  than  the  figure  given  in  the  literature  for  normal 
valeraldehyde  (l04.5*). 

g-Chloroethylcyclopropane .  10  grams  of  methylcyclopropylcarblnol  were  treated 

with  6  g  of  PC I3  under  the  same  conditions  as  those  utilized  to  produce  the  bromide. 
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The  chloride  was  a  nearly  colorless  oil  with  a  rather  pleasant  fragrance. 

The  chloride  distilled  without  residue  at  100-103°  and  755  mu-  Some  hydrogen 
chloride  was  observed  evolving  during  this  distillation.  An  unsaturated  hydro¬ 
carbon  was  formed.  Redistillation  of  the  chloride  yielded  about  1  g  of  a  hydro¬ 
carbon  fraction  with  a  b.p.  of  ^<-2-43°.  The  small  amount  of  the  hydrocarbon 
made  it  impossible  to  identify  it.  A  liquid  bromide  was  produced  when  it  was 
reacted  with  bromine,  which  excludes  the  possibility  of  its  being  piperylene, 
which  might  have  been  formed  as  the  result  of  the  splitting  out  of  hydrogen 
chloride  paralleled  by  the  cleavage  of  the  cyclopropane  ring.  The  yield  of 
the  chloride  with  a  b.p.  of  100-103°  (755  ™i)  was  83^  of  the  theoretical. 

d|°  0.95^85  n|°  1.433625  MRp  29.085  Calc.  27.95- 

The  exaltation  of  1.13  was  somewhat  higher  than  the  value  for  a  three- 
member  ed  ring  and  was  caused  by  the  formation  of  unsaturated  compounds  in  con¬ 
sequence  of  the  splitting  off  of  HCl. 

0.2033  g  subs.:  0.2484  g  AgCl  (Carlus).  0.2498  g  subs.:  O.3029  g 

AgClo  Found  Cl  30.22,  3O.OO.  C5H9CI.  Calc.  Cl  35-96. 

Determination  of  the  bromine  number  Indicated  that  the  chloride  con¬ 
tained  17-18.5^  of  unsaturated  compounds. 

Raman  spectrum:  274(3),  310(3),  355(3),  586(l0),  457(2),  493(3),  555(2),  j 

558(1),  598(1),  638(3),  658(10),  762(5),  821(5),  971(1),  986(1),  1015(1),  1029(2), 

1091(1),  1106(1),  1139(1),  1163(1),  1191(8),  1215(1),  1243(3),  1299(5),  1393(4),  ' 

1420(2),  1456(2),  l640(l),  1659(1),  2872(1),  2929(4),  2967(1),  5013(5),  3072(5),  I 

3083(4). 

Comparison  of  the  intensities  of  the  three -member ed  ring  and  double-bond 
frequencies  gave  an  unsaturation  value  that  agreed  satisfactorily  with  the  un¬ 
saturation  as  determined  from  the  bromine  number. 

The  vinylcyclopropane  was  prepeired  by  the  Demyanov  method  [4],  the  initial 
substance  used  being  acetylcyclopropane,  which  was  converted  into  an  oxime.  The 
oxime  was  reduced  to  an  amine  with  sodium  in  absolute  alcohol.  The  amine  was  then  ^ 

methylated  exhaustively.  The  hydrocarbon  was  prepared  by  decomposing  the  fully 
substituted  free  base.  The  hydrocarbon  yields  were  almost  quantitative  in  this 
phase  of  the  reaction. 

The  hydrocarbon  was  distilled  above  metallic  sodium.  Its  boiling  point  at 
752  mm  was  40. 0-40.4*.  It  was  redistilled,  the  fraction' with  a  b.p.  of  40.2-40.4° 
being  collected  and  then  Identified. 

df°  0.72025  di®  0.72275  ng°  1.4139;  nj®  I.41665  MRj,  23.595  Calc.  22.62. 

Figures  in  the  literature:  as  given  by  Demyanov  [4],  b.p.  40-40.2*  at  755  nim5 
d4®  O.723O5  n^^  1.41725  as  given  by  Volkenburgh  and  associates  [I7],  b.p.40-4l®. 

The  exaltation  (0„97)  somewhat  exceeds  the  increment  for  a  three-membered 
ring  and  may  be  due  to  the  ’’conjugation'’  of  the  double  bond  with  the  three-membered 
ring. 

Vinylcyclopropane  colors  tetranitromethane  yellow. 

Ozonolysls  of  vinylcyclopropane.  1  gram  of  the  hydrocarbon  was  dissolved  in 
anhydrous  chloroform.  Ozonation  was  performed  with  dry-ice  chilling.  After  the 
ozonolysls  products  had  been  decomposed  with  water,  they  were  found  to  contain 
formaldehyde,  formic  acid  (determined  by  the  calomel  method),  and  cyclopropyl- 
formaldehyde.  The  2,4-dinitrophenylhydrazone  of  the  latter  had  a  m.p.  of  l80-l82°. 

(This  m.p.  is  given  as  I82-I85*  in  the  literature  [I7]). 
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The  Raman  spectrum  of  the  hydrocarbon  is  given  in  the  table. 

Splitting  HCl  out  of  g-chloroethylcyclopropane .  15  grams  of  the  chloride 
vere  added  from  a  dropping  funnel  to  a  solution  of  l6  g  of  KOH  in  85  ml  of  ethyl 
cellosolve  heated  to  boiling  [18].  The  resulting  highly  volatile  reaction 
products  passed  through  the  reflux  condenser  (through  which  there  circulated 
water  at  a  temperature  of  50”)  without  condensing.  The  vapors  entered  a  well- 
chilled  coil,  where  they  condensed  and  were  collected  in  a  receiver  chilled 
to  -20®.  The  yield  of  the  hydrocarbon  was  4.3  g  or  40^  of  the  theoretical. 

A  total  of  16  g  of  the  substance  was  synthesized. 

The  hydrocarbon  had  a  boiling  point  of  40.5  -  ^2.5*,  most  of  it 
distilling  at  4l®.  A  test  for  halogen  was  negative.  It  colored  tetranitro- 
methane  orange. 

df°  0.7163;  ng®  1.40668;  MRj^  23.35;  Calc.  22.62.  Exaltation  0.73. 

0.8  gram  of  the  hydrocarbon  was  subjected  to  ozonolysis.  The  products 
of  the  decomposition  of  the  ozonide  with  water  Included  formaldehyde  and 
acetaldehyde  (positive  iodoform  test) .  Reaction  with  2,4-dinitrophenylhydrazine 
yielded  a  mixture  of  hydrazones  with  a  m.p.  of  l47  -  l49" .  We  were  unable  to 
isolate  individual  products  from  the  mixture.  Determination  of  the  mixed 
melting  points  proved  that  this  mixture  consisted  of  the  2,4-dinitrophenyl- 
hydrazone  of  acetaldehyde  and  the  2,4-dinltrophenylhydrazone  of  cyclopropyl- 
formaldehyde. 

I.l4  gram  of  the  hydrocarbon  was  hydrogenated  with  a  platinum  catalyst, 
the  solvent  employed  being  alcohol.  The  hydrogen  consumption  was  46o  ml 
(0®  and  760  mm),  constituting  an  excess  of  22.  over  the  quantity  calculated 
for  a  single  double  bond. 

Bromine  was  added  to  3.5  g  of  the  hydrocarbon  until  the  color  no  longer 
vanished  (12.5  g) .  The  bromide  was  washed  with  soda  and  with  water  and 
desiccated  with  calcium  chloride.  When  distilled,  more  than  half  of  the 
bromide  passed  over  at  83  -  85*  (18  mm).  Its  refractive  index  was  np°  1.5400, 
which  is  the  figure  for  vinylcyclopropane  dibromide.  The  residue  in  the 
distilling  flask  crystallized,  the  crude  crystals  weighing  4  g.  The  crystals 
had  a  m.p.  of  ll4.5*  after  double  recrystallization  from  alcohol.  The  mixed 
melting  point  with  plperylene  tetrabromide  exhibited  no  depression.  The 
quantity  of  the  crystalline  tetrabromide  was  approximately  equivalent  to  l/4  of 
the  initial  hydrocarbon  consisting  of  plperylene,  which  agreed  with  the  hydro¬ 
genation  data. 

The  Raman  spectrum  of  the  hydrocarbon  is  listed  in  the  table. 

SUMMARY 

1.  A  study  has  been  made  of  the  products  of  the  reaction  of  PBra  and 
PCI3  with  methylcyclopropylcarbinol. 

2.  It  has  been  shown  that  most  of  the  a-bromoethylcyclopropane  (about  70^) 
is  Converted  into  5-hromopentene-2. 

3.  It  has  been  found  that  a-chloroethylcyclopropane  suffers  only 
negligible  ring  cleavage.  Its  synthesis  and  refining  involve  the  j)artial 
splitting  out  of  hydrogen  chloride  (l0-15^),  yielding  vinylcyclopropane. 

4.  Vinylcyclopropane  has  been  synthesized  and  its  Raman  spectrum  photo¬ 
graphed. 

5.  A  study  has  been  made  of  the  splitting  of  hydrogen  chloride  out  of 
a-chlroethylcyclopropane.  It  has  been  shown  that  this  yields  a  hydroceirbon 
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mixture  containing  about  75^  of  vinylcyclopropane  and  about  25^  of  trans- 
piperylene. 
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RESEARCH  ON  TERTIARY  ALCOHOLS  CONTAINING  A  CYCLOBUTYL  RADICAL 


THE  REACTION  OF  ETHYLPHENYLCYCLOBUTYLCARBINOL 
WITH  HYDROCHLORIC  AND  SULFURIC  ACIDS 

T.A.Favorskaya  and  I.P  Yakovlev 


In  our  previous  two  reports  [1,2]  we  Investigated  the  reaction  of 
dilsopropylcyclobutylcarhlnol  and  methylphenylcyclobutylcarbinol  with  dilute 
hydrochloric  and  sulfuric  acids  and  with  concentrated  sulfuric  acid.  We 
found  that  the  methylphenylcyclobutylcarbinol  was  merely  dehydrated,  yielding 
two  isomeric  unsaturated  hydrocarbons:  as -phenylcyc lobutylethylene  and 
methylphenylmethylenecyclobutane.  The  reaction  of  diisopropylcyclobutyl- 
carbinol  with  the  acids  was  somewhat  more  complicated.  The  reactions  with  dilute 
hydrochloric  and  sulfuric  acids  produced,  in  addition  to  a  dehydration  product, 
an  isomerization  product  of  the  alcohol:  l,l-diisopropylcyclopentanol-2.  A 
similar  secondary  alcohol  is  also  produced  in  the  organomagnesium  synthesis  of 
the  tertiary  alcohol.  When  reacted  with  hydrochloric  acid,  dlisopropylcyclo- 
butylcarbinol  is  dehydrated  and  isomerized  to  a  cyclic  alcohol  with  a  five- 
membered  ring  and  to  a  chloride  with  and  without  an  Isopropyl  group  shifted  from 
the  1,1  position  to  the  1,2  position.  Only  small  quantities  of  the  latter 
products  are  secured,  however. 


The  present  paper  deals  with  the  reaction  of  ethylphenylcyclobutylcarbinol 
with  hydrochloric  and  sulfuric  acids.  The  ethylphenylcyclobutylceirbinol  was 
synthesized  from  cyclobutyl  phenyl  ketone  and  ethylmagnesium  bromide,  the  yield 
being  93 .5^“  Part  of  the  alcohol  was  oxidized  at  65  -  70*  with  a  chromic  acid 
mixture.  Oxidation  yielded  ethyl  phenyl  ketone  and  benzoic  acid,  more  than 
half  of  the  alcohol  subjected  to  oxidation  being  recovered  unchanged.  All 
analogous  alcohols  containing  a  cyclobutyl  radical  seem  to  exhibit  this 
difficult  oxidizability. 


CH2— CH2 
CH2— CHCOCeHs 


C2HsMgBr  ? 

H2O  I 


OC 


C2H5 

CsHs 


H2— CH2 


CH2— on— C 
(I) 

+C6H5COOH 


^^C2H5  oxidation^ 


\ 


CsHs 


When  ethylphenylcyclobutylcarbinol  was  reacted  with  25^  sulfiirlc  acid, 
nearly  all  of  it  was  converted  into  a  mixture  of  two  unsaturated  hydrocarbons 
after  6  hours  of  heating  to  90* ;  the  mixture  consisted  of  25^  of  ethylphenyl- 
methylenecyclobutane  and  75^  of  l-methyl-2-phenyl-2-cyc lobutylethylene,  based 
on  the  overall  yield  of  90  -  95^ • 


(I) 


2^^  H2SO4, 

90*,  6  hrs 


CH2— CH2 
CH2— C= 


(II) 


CH2— CH2  GIF— CH3 

C 

\ 

CeHs 

.1  Ml 

CH^CH— C—CeHs 

(III) 
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Carefull  oxidation  of  this  hydrocar-iion  mixture  yielded  acetic  and  succinic 
acids;  the  ketones  produced  were  ethyl  phenyl  ketone  and  cyclobutyl  phenyl 
ketone : 

(II),  (III)  (CH2C00H)2  +  CH3COOH  +  C4H7COC6H5  +  C2H5COC6H5. 

ngU 

When  ethylphenylcyclobutylcarbinol  was  heated  to  90“  with  l8^  hydrochloric 
acid,  the  reaction  followed  three  paths,  half  of  the  alcohol  being  recovered 
unchanged  after  6  hours  of  heating,  though  the  reaction  was  complete  when 
heating  lasted  12  hours;  it  then  yielded  60^  of  ethylphenylmethylenecyclobutane, 
some  20^  of  l-methyl-2-cyclobutyl-2-phenylethylene,  and  about  20^  of  a 
chloride  that  was  the  same  as  the  chloride  produced  when  we  used  57^  HClo  The 
reaction  proceeded  as  follows ? 

CH2— CHCeHs 

(I)  (II)  +  (III)  +  CH2  [  (IV) 

■  CH2— CCIC2H5 

Oxidizing  the  hydrocarbon  mixture  produced  in  the  reaction  with  HCl  yielded 
ethyl  phenyl  ketone,  cyclobutyl  phenyl  ketone,  acetic  acid,  and  succinic  acid. 

When  the  alcohol  was  reacted  with  37^  hydrochloric  acid,  deeply  chilling 
the  reaction  mixture  at  first  (snow  and  salt)  and  then  gradually  raising  the 
temperature  to  room  temperature  with  effective  stirring,  the  reaction  involved 
the  formation  of  some  of  l-methyl-2-phenyl-2-cyclobutylethylene  and  some 
30^  of  l-chloro-l-ethyl-2-phenylcyclopentane,  less  ethylphenylmethylenecyclo- 
butane  being  produced  (approximately  30^) .  All  three  products  were  isolated  in 
the  Individual  state  to  some  extent  after  prolonged  rectification. 

The  sole  distinctive  feature  was  that  the  chloride  exhibits  the  same 
relative  dispersion  as  the  original  alcohol.  This  seemed  to  indicate  that  the 
chloride  was  a  tertiary  one  (V)  and  retained  its  four -member ed  ring  But  in  view 
of  the  fact  that  the  chloride  was  returned  unchanged  when  it  was  heated  with 
anhydrous  sodium  ethylate,  it  appeared  that  it  was  either  secondary  (VI,  VIIl) 
or  primary  (VIl) . 

CH2  Cl  CH2— CH2  CHCICH3  CH2— CH2  CH2CH2CI 

I  UaHs  •,  I  I  I  ’‘III 

Cft— CH2 — CH— CHCeHs  CH^CI^CHCeHs 

(V)  (VI)  (VII) 

CH2— CH2  „  „  CH2— CH2 

!  \  /C2H5  \ 

;  '\c/  ;  ^CHCeHs 

„  CH2— CCIC2H5 

CH2— CHCl 

(VIII)  (IV) 

We  did  not  possess  the  equipment  for  determining  its  structure  without 
subjecting  the  substance  to  isomerization.  The  chloride  was  distilled  above 
metallic  sodium  in  order  to  split  out  HCl.  The  resulting  hydrocarbon  differed 
substantially  from  those  secured  with  the  HCl  and  H2SO4  acids.  Its  relative 
dispersion  of  30.8,  for  instance.  Indicated  that  this  unsaturated  hydrocarbon 
did  not  contain  a  four-membered  ring  (C0>p^p  55»0,  35»5)^  rather  a  five  or  a 
six-membered  ring.  This  seems  to  indicate  that  the  splitting  out  of  the  HCl 
was  either  accompanied  by  a  far  reaching  change  in  the  structure  of  the  mole¬ 
cule  6^hich  is  most  likely)  or  that  the  structure  of  the  chloride  was  that  of 
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(iV),  (which  is  less  likely)  though  the  action  of  the  sodium  ethylate  did 
not  split  out  HCl  elements  because  of  the  screening  of  the  ethyl  and  phenyl 
groups . 

The  relative  dispersion  of  the  substances  prepared  from  the  methyl-, 

ethyl-,  and  isopropylphenylcyclobutylcarbinols  is  given  by  the  following 
experimental  figures;  l)  27-3  for  alcohols  containing  a  cyclobutyl  radical; 

2)  35 ”8  for  unsaturated  hydrocarbons  with  a  cyclobutyl  radical;  3)  30.5* 

for  unsaturated  hydrocarbons  containing  a  flve-membered  ring;  and  4)  23.6  for 
chlorides  containing  a  five-membered  ring;  5)  it  ought  to  be  27*3  for  chlorides 
that  contain  a  cyclobutyl  radical. 

Oxidizing  the  hydrocarbon  with  a  KMn04  solution  yielded  a  compound  con¬ 
taining  a  carbonyl  group.  Its  semicarbazone  had  a  m.p.  of  2l4*  with  decomposition. 
Analysis  for  nitrogen  yielded  18.62^  and  l8.33^  nitrogen,  instead  of  the  19.35^ 
called  for  on  the  assumption  that  the  semicarbazone  had  been  prepared  from  2- 
-phenylcyclopentanone  (IX). 

Hence  the  problem  of  the  chloride's 
structure  is  still  unresolved.  Inasmuch 
as  the  chemical  findings  support  the 
existence  of  a  secondary  chloride 
(VI,  VIIl),  the  physical  findings 
supporting  the  structures  (V),  (Vl),  or 
(VIl) ,  while  the  results  of  oxidizing  the 
hydrocarbon  prepared  from  the  chloride  support  (IV)  or(Vl),  we  must  assume 
that  the  chloride  was  either  a  secondary  one  (Vl)  or  a  tertiary  one  (IV)  and  that 
the  reactions  in  which  the  HCl  was  split  out  and  oxidation  took  place  were  as 
follows ; 

,,CH2— C=CI^CH3  CH2— CO 

(IV),  (VI)  CH2  i  KMn04^  CH2  I 

^CH2— CI^CeHs  \cH2— CHCeHs 

EXPERIMENTAL 

Synthesis  of  ethylphenylcyclobutylcarbinol.  A  solution  of  70  g  of  ethyl 
bromide  in  I50  ml  of  absolute  ether  was  added  a  drop  at  a  time  to  a  chilled  and 
rapidly  stirred  mixture  of  l4  g  of  magnesium  chips  and  50  ml  of  absolute  ether. 
After  the  magnesium  had  dissolved,  90  g  of  cyclobutyl  phenyl  ketone  in  75  ml 
of  absolute  ether  were  added  to  the  resultant  organomagnesium  compound.  The 
reaction  mass  was  stirred  for  2  more  hours  and  then  allowed  to  stand  until  the 
following  day,  after  which  it  was  chilled  and  decomposed  by  adding  pieces  of  ice. 
The  ethereal  layer  was  decanted,  the  residue  being  decomposed  with  dilute  (l;^) 
hydrochloric  acid  and  then  extracted  with  ether.  The  ether  extract  was  washed 
with  a  soda  solution,  combined  with  the  bulk  of  the  ethereal  layer,  and  desiccated 
with  MgS04.  The  ether  was  driven  off  and  the  alcohol  distilled,  the  yield  being 
100  g,  or  93-5^  of  the  theoretical.  The  alcohol  was  a  slightly  mobile, 
transparent  liquid  with  the  odor  of  camphor.  A  test  for  a  double  bond  with  a 
soda  solution  of  KMn04  was  negative. 

B.p.  127  -  128*  at  10  mm;  n|^  lo5302;  26.8;  d^  I.0255.  df^  I.OO85; 

MRj)  58.21;  Calc.  57.92. 

0.0655  g  substance:  O.I965  g  CO2;  O.O562  g  H2O;  0.1270  g  substance: 

0.381^  g  CO2;  0.1048  g  H2O.  0.0387  g  substance;  I6.60  g  benzene;At  O.O61*; 

0.0610  g  substance;  16.60  g  benzene: A  t  0.102*  Found  C  81.99^  81.85; 

H  9.60,  9.23.  M  192.3,  181.5. •  C13H18O.  Calculated  C  82.10  H  9.47.  M  190.0. 


.-CH2--yO 

CH2  i  (IX) 

i 

^CH2~CHC6H5 
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Oxidation  of  ethylphenylcyclo'butylcarblnol.  50  grams  of  K2Cr207,  60  g 
of  K2SO4  (1.8^4-),  and  200  ml  of  H2O  were  used  in  oxidizing  10  g  of  the  alcohol. 

The  alcohol  was  added  drop  by  drop  to  the  chromic  acid  mixture  heated  to  55* ^ 
the  temperature  of  the  mixture  being  raised  to  65°  after  all  the  alcohol  had 
been  added  and  kept  at  that  temperature  for  3-5  hours.  Then  the  reaction 
mixture  was  cooled  and  diluted  with  200  ml  of  water,  and  the  reaction  product 
was  extracted  with  ether.  The  ether  extract  was  washed  with  alkali  and  with 
50  ml  of  water  and  then  desiccated  with  MgS04.  Driving  off  the  ether  and 
fractionating  the  residual  oil  yielded  5*^  8  of  the  original  alcohol  and  1.9 
g  of  ethyl  phenyl  ketone.  The  latter  was  converted  into  a  semicarbazone  with 
a  m.p.  of  181*.  The  mixed  melting  point  of  the  latter  with  the  semicarbazone 
of  the  known  substance  exhibited  no  depression.  The  acid  portion  of  the 
reaction  products  yielded  benzoic  acid  with  a  m.p.  of  120“,  confirmed  by  a 
mixed  melting  point  test. 

Reaction  of  ethylphenylcyclobutylcarbinol  with  sulfuric  acid.  I5  grams  of  the 
alcohol  were  heated  to  90“  for  6  hoi^s  with  I5  ml  of  2^^  sulfuric  acid. 

Appropriate  processing  of  the  reaction  product  yielded  nothing  but  a  nearly 
quantitative  yield  of  an  unsaturated  hydrocarbon.  The  hydrocarbon  had  a  b.p. 
of  238  -  242*  at  759  mm  after  double  distillation  above  metallic  sodium.  It  was 
a  mobile  liquid  with  the  odor  of  pine  tar. 

B.p.  108  -  110*  at  10  mm;  nj®”^  1.5^70;  34. 9?  d^  0.97231  di®*®  0.9570; 

MRj)  57. 00;  Calc;  56.41. 

0.0818  g  substance;  0.2722  g  CO2;  0.0694  g  H2O;  O.O762  g  substance:  O.252O 

g  CO2;  0.0586  g  H2O.  0.0527  g  substance;  I5.60  g  benzene:At  0.064“;  O.0680 

g  substance;  I5.60  g  benzene:At  0.130“.  Found  C  90.70,  90.27;  H  9«49^ 

8.62.  M  164.9,  168.5.  C13H160  Calculated  C  90.595  H  9-41.  M  172.0. 

6.5  grams  of  the  hydrocarbon  were  oxidized  with  a  KMn04  solution;  oxidation 
was  not  vigorous,  19»5  g  of  KJfa04  being  consumed.  The  neutral  products  were 
distilled  with  steam,  extracted  with  ether,  desiccated  with  MgS04,  and  fractionated. 
This  yielded  1  g  of  ethyl  phenyl  ketone  with  a  b.p.  of  94  -  9^’  at  12  mm.  plus  3  g 
of  cyclobutylphenyl  ketone  with  a  b.p.  of  125  -  134“  at  12  mm,.  The  ketones 
yielded  semicarbazone  with  melting  points  of  I76  and  l82*,  respectively.  The 
mixed  melting  points  of  the  semlcarbazones  with  the  equivalent  known  derivatives 
exhibited  no  depression.  The  acid  part  distilled  after  acidulation  yielded 
acetic  acid,  while  the  residue  that  was  left  after  distillation  yielded  succinic 
acid  with  a  m.p.  of  I80" .  Its  mixed  melting  point  with  known  succinic  acid 
exhibited  no  depression. 

Found  Ag  64.43,  64.49.  C2H302Ago  Calculated  Ag  64,67. 

Reaction  of  ethylphenylcyclobutylcarbinol  with  l8%  hydrochloric  acid.  I5 
grams  of  the  alcohol  were  heated  for  12  hours  with  20  ml  of  l8^  hydrochloric 
acid  to  the  boiling  point  of  the  solution.  The  reaction  product  was  extracted 
with  ether,  desiccated  with  MgS04,  and  distilled,  three  fractions  being 
collected  (  at  12  mm);  I)  104  -  115“,  9-1  g5  H)  115  -  134“,  1.9  g5  and  III) 

154  -  138*,  2,4  go  The  intermediate  Fraction  II  was  not  analyzed  further. 

Fraction  III  was  a  chloride,  which  was  combined  with  the  identical  chloride 
prepared  by  the  action  of  the  37^  HCl.  Fraction  I  was  an  unsaturated  hydrocarbon  - 
a  colorless,  highly  mobile  liquid  with  the  odor  of  fresh  spruce  oil.  The 
hydrocarbon  had  the  following  constants  after  having  been  double  distilled  above 
metallic  sodium: 

B  p,  237  -  241*  at  759  mm;  B.p.  107  -  110“  at  10  mm;  nj,®*®  1.5475; 

35.6;  6.2  0.97375  di®'®0.9578;  MRj^  57.12;  Calc.  56. 4l, 
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0.1151  g  substance:  O.5809  g  CO2;  0.09^3  g  H2O;  O.I25I  g  substance: 

0.4i42  g  CO2;  0.1064  g  H2O.  0.0450  g  substance;  I6.45  g  benzene;Z4t  0.002; 

0.0505  g  substance;  16.45  g  benzeneiAt  0.090.  Found  C  90.40,  90.25; 

H  9.17,  9.52.  M  167.8,  171.7.  C13H16.  Calculated  C  90.59;  H  9.^1.  M  172.0. 

Oxidation  of  the  C13H16  hydrocarbon  secured  with  the  iB'jt  hydrochloric  acid. 
25.3  grams  of  KMn04  were  consumed  for  8  g  of  the  hydrocarbon.  The  neutral 
products  were  distilled  with  steam,  yielding  5.8  g  of  ethyl  phenyl  ketone  with 
a  b.p.  of  95  -  97°  at  l4  mm  and  1.2  g  of  cyclobutyl  phenyl  ketone  with  a  b.p. 
of  125  -  153*  at  l4  mm.  The  semicarbazones  of  these  ketones  had  melting  points 
of  177  and  182*,  respectively,  and  their  mixed  melting  points  with  the  corres¬ 
ponding  known  semicarbazones  exhibited  no  depression. 

After  acldulation,  steam  distillation  of  the  acid  part  yielded  acetic  acid, 
while  the  residue  yielded  oxalic  acid  with  a  m.p.  of  l84.5*.  I'ts  mixed  melting 
point  with  known  oxalic  acid  exhibited  no  depression. 

Found  Ag  63.98.  C2H302Ag.  Calculated  Ag  64.67. 

Reaction  of  ethylphenylcyclobutylcarbinol  with  hydrochloric  acid.  30 
grams  of  the  alcohol  were  poured  into  400  ml  of  371^  hydrochloric  acid,  very 
efficiently  stirred,  and  chilled  with  a  snow-and-salt  freezing  mixture.  The 
reaction  mass  was  stirred  under  the  stated  conditions  for  12  hours,  left  to 
stand  overnight  without  stirring,  and  then  stirred  for  6  hours  at  room  temper¬ 
ature.  Then  the  reaction  product  was  extracted  with  ether,  washed  with  30  ml 
of  water,  desiccated  with  MgS04,  and  fractionated,  the  following  three  fractions 
being  collected  at  6.5  mm:  l)  102  -  104*,  9.6  g;  II)  104.5  -  111°,  9.3  g;  and 
III)  125  -  130°,  8,2  g. 

Most  of  Fraction  I  consisted  of  ethylphenylmethylenecyclobutane,  with  a 
trace  of  l-methyl-2-phenyl-2-cyclobutylethylene .  The  ethylphenylmethylenecyclo- 
butane  was  a  colorless,  highly  mobile  liquid  with  the  odor  of  the  hydrocarbon  prod¬ 
uced  by  reacting  the  alcohol  with  dilute  hydrochloric  acid.  The  hydrocarbon  had 
the  following  constants  after  having  been  double  distilled  over  sodium. 

B.p.  234  -  238*  at  75^  mm;  B.p.  107  -  109°  at  10  mm;  nj®  I.547O;  35.0; 

d^  0.9664;  d^®  O.95OO;  MRj)  57.36;  Calc:  56. 4l. 

0.0520  g  substance;  l6.40  g  benzene; At  0.094*;  O.O582  g  substance,  l6.40  g 
benzene.  At  0.110".  Found:  M  170.2,  162.5.  C13H16.  Calculated:  M  172.0. 

The  bulk  of  Fraction  II  consisted  of  l-methyl-2-cyclobutyl-2-phenylethylene, 
with  a  trace  of  ethylphenylmethylenecyclobutane .  The  l-methyl-2-cyclobutyl-2- 
-phenylethylene  was  a  colorless,  highly  mobile  liquid  with  the  odor  of  the 
hydrocarbon  produced  by  reacting  the  alcohol  with  sulfuric  acid.  The  hydrocarbon 
had  the  following  constants  after  having  been  double  distilled  above  sodium: 

B.p.  237  -  239°at  75^  mm;  B.p.  IO8  -  110*  at  10  mm;  nj®  1.5515;  35-3; 

d2  0.9746;  di®  0.9589;  MRp  57.27;  Calc;  56.41. 

0.0359  g  substance;  l6.75  g  benzene: At  0.064;  O.O725  g  substance;  16.35 
g  benzene:At  O.I36.  Found:  M  168.8,  164.5.  C13H16.  Calculated:  M  172. 0. 

Fraction  III  was  a  chloride.  The  chloride  was  secured,  after  repeated 
fractional  distillations,  as  a  slightly  mobile,  barely  yellowish  liquid  with  a 
pine  odor, 

B.p.  128  -  130*  at  7.5  mm;  ni®*5l.5448;  27.6;  1.0012;  I.O68O; 

MRj)  61.70;  Calc:  61.73. 

0.1311  g  substance:  O.O889  g  AgCl;  O.1692  g  substance:  0.1154  g  AgCl. 

0,0381  g  substance;  l6.35  g  benzene: At  O.06O;  0.709  g  substance;  l6.35  g 
benzene:At  O.I36.  Found  Cl  I6.77,  I6.87.  M  195.5,  191.8.  C13H17CI. 
Calculated  Cl  17.03,  M  200.5 . 
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Splitting  HCl  out  of  the  chloride.  9  grams  of  the  chloride  were 

heated  to  100*  with  22  g  of  sodium  ethylate  for  5  hours,  but  no  splitting  out 
occurred,  the  chloride  being  recovered  with  the  same  physical  constants  as 
before.  Then  it  was  double-distilled  above  sodium,  8  g  of  the  chloride 
yielding  4.6  g  of  an  unsaturated,  colorless,  highly  mobile  hydrocarbon. 

B.p.  235  -  245*  at  762  mm;  B.p.  104  -  109*  at  10  mm;  n|°  1,5364;  WpQj)  30.8; 
d^  0.9715;  0.9568;  MRj)  56.09;  Calc:  56.41, 

0.1011  g  substance:  0,3359  g  CO2;  O.O892  g  HgO;  0.1075  g  substance: 

0.3524  g  CO2;  0.0881  g  H2O.  0.0438  g  substance;  15*70  g  benzene: At  0.087*; 

0.0848  g  substance;  15*70  g  benzene: At  0.161®.  Found  C  90. 50,  90.24; 

H  9.83,  9.19.  M  168,5,  161,2,  C13H16*  Calculated  C  90.59;  H  9*41.  M  I72.O. 

Oxidation  of  the  hydrocarbon  CiaHis*  12.8  g  of  KMn04  was  gradually 
added,  as  de-oxidation  progressed,  to  4.2  g  of  the  hydrocarbon  in  100  ml  of 
water.  The  oxidation  products  were  found  to  include  oxalic  acid  (m.p.  I85*) 
and  benzoic  acid  (m.p,  119*5*)*  Their  mixed  melting  points  with  the  respective 
known  acids  exhibited  no  depression.  We  also  secured  2.1  g  of  2-phenylcyclopen- 
tanone.  The  semicarbazone  of  this  ketone  had  a  m.p.  of  2l4°  with  decomposition. 

0.0912  g  substance:  14,35  ml  N2  (21*,  761  mm);  O.O809  g  substance:  I3.OO  ml 

N2(21*,  761  mm).  Found  N  l8,35,  l8,62.  C12H15ON3.  Calculated  N  19.35* 

SUMMAEY 

1.  Ethylphenylcyclobutylcarblnol  and  the  products  of  its  ddiydration  and 
isomerization  by  sulfuric  and  hydrochloric  acids  have  been  synthesized  for 
the  first  time. 

2.  Reacting  the  alcohol  with  25^  H2SO4  at  90*  converts  25'5fe  of  it  into 
ethylphenylmethylenecyclobutane  (ll)  and  75^  into  l-methyl-2-phenyl-2-cyclo- 
butylethylene  (ill). 

3.  Reacting  the  alcohol  with  l8^  HCl  converts  it  into  the  hydrocarbons 

(ll)  (60^)  and  (ill)  (20^)  and  the  chloride  (IV) .  The  structure  of  the  chloride 
(rv)  has  not  been  rigorously  proved,  but  its  distillation  above  sodium  and 
subsequent  oxidation  of  the  resulting  hydrocarbon  yielded  a  compound  whose 
semicarbazone  had  a  composition  resembling  that  of  the  derivative  of 
phenylcyclopentanone-2 , 

The  mean  arithmetical  values  of  the  relative  dispersion  are  given  for 

some  alcohols  containing  a  cyclobutyl  radical,  and  for  their  dehydration, 
isomerization,  and  substitution  products. 
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DERIVATIVES  OF  ACETYLENE 


130„  SYNTHESIS  OF  POLYCYCLIC  COMPOUNDS.  VIII.  CONDENSATION  OF 
1-VINYL-  A -CYCLOHEXENE  WITH  .-v-CYCLOHEXENONE 

I. N. Nazarov,  I.V.Torgov,  and  M.V.Kuvarzina 


During  the  past  few  years  our  laboratory  has  worked  out  syntheses  of 
polycyclic  compounds  and  steroids  involving  the  condensation  of  cyclic  dienes 
with  a, 3-unsaturated  cyclic  ketones.  Once  the  problem  of  the  synthesis  itself 
had  been  successfully  resolved  [1],  the  question  of  establishing  the  structure 
of  the  synthesized  compounds  arose.  When  cyclic  dienes  such  as  1 -vinyl- Z:! 
-cyclohexene  or  l-vinyl-  A  -octalin  are  condensed  with  a, 3-^saturated  cyclic 
ketones,  two  structural  isomers  may  result,  depending  on  the  orientation  of 
the  molecules  during  the  diene  synthesis; 


We  were  greatly  interested  in  learning  what  structures  predominate  in  each 
case  and  how  they  are  affected  by  the  formation  of  various  substitutents  and 
functional  groups  within  the  molecule  of  the  cyclic  diene  and  the  unsaturated 
ketone . 

The  objective  of  the  present  research  was  condensing  1-vinyl-  ^-cyclohexene 
with  Z\-cyclohexenone  and  establishing  the  structure  of  the  resulting  tricyclic 
ketone  of  the  phenanthrene  series.  Here  it  is  much  easier  to  convert  the 
condensation  product  into  known  compounds  than  in  the  condensation  of  cyclic 
dienes  with  cyclopentenones  [1]. 

It  should  be  noted  that  there  are  no  examples  in  the  literature  up  to  now 
of  the  rigorous  proof  of  the  structure  of  the  tricyclic  isomers  produced  by 
condensing  dienes  with  unsaturated  ketones,  as  has  been  pointed  out  recently 
in  a  monograph  on  diene  synthesis  [2]. 

It  is  comparatively  easy  to  condense  1-vinyl- -Zl^i^i-cyclohexene  with^-cyclo- 
hexenone,  the  condensation  yielding  more  than  40'3^l  of  a  crystalline  tricyclic 
ketone,  to  which  we  may  assign  the  structure  of  cis- .A  -dodecahydrophenanthren- 
-1-one  (l)  or  cis-  ^  -dodecahydrophenanthren-4-one  (ll) .  • 


273 


As  will  be  shown  below,  the  product  proved  to  be  the  dodecahydrophenanthrene 
(ll),  the  isomer  (l'  being  either  wholly  absent  from  the  condensation  products 
or  else  being  present  in  negligible  quantity  (not  over  10^) . 

The  surest  way  of  establishing  the  structure  was,  no  doubt,  converting  the 
ketone  (ll)  into  an  aromatic  compound,  one  of  the  derivatives  of  phenanthrene, 
which  have  been  investigated  extensively.  We  were  attracted  at  first  to  the 
simplest  method  of  aromatization:  the  direct  dehydrogenation  of  the  ketone  (ll) 
to  the  corresponding  phenanthrol,  especially  as  data  has  been  recently 
published  on  the  successful  dehydrogenation  of  ketones  of  this  type  [5]j 


All  our  attempts  to  dehydrogenate  the  ketone (ll)  with  selenium  at  320  -  3^0® 
or  with  Raney’s  nickel  at  350  -  360“  met  with  failure,  however;  all  we  got  was 
a  mixture  of  products  that  contained  no  alkali-soluble  compounds.  We  therefore 
resorted  to  another  method  of  proving  the  structure  of  our  product:  methyl- 
magnesium  iodide  was  used  to  convert  the  ketone  (ll)  into  4 -methyl -  -dodeca- 

hydrophenanthren  -4-ol  (ill),  which  yielded  a  mixture  of  4 -me thy Idee ahy dr o- 
pnenantnrenes  (IV;.  Dehydrogenating  this  mixture  with  selenium  at  300  -  310* 
yielded  a  liquid  mixture  of  peirtially  aromatized  hydrocarbons,  from  which  we 
were  unable  to  isolate  methylphenanthrene.  Dehydrogenation  with  platinized 
charcoal  at  350  -  350*  yielded  better  results:  aromatization  was  more  complete; 
the  refractive  index  of  the  resulting  products  rose  substantially  (n^°1.6l  as 
against  1.55  -  1*57  for  the  products  of  selenium  dehydrogenation);  and  a  small 
amount  of  a  picrate  with  a  m.p.  of  132  -  135° >  against  l4l“  for  the  picrate 
of  4 -methylphenanthrene,  was  secured  from  the  resulting  products.  Dehydro¬ 
genation  with  Raney's  nickel  at  350  -  360*  proved  to  be  even  more  successful. 

We  again  secured  a  liquid  mixture  of  hydrocarbons,  but  when  we  treated  it  with 
picric  acid,  we  readily  produced  the  picrate  of  4 -methylphenanthrene,  from 
which  we  secured  the  4 -methylphenanthrene  (V)  itself. 


The  foregoing  indicates  that  the  condensation  product  of  1-vinyl- 2^ -cyclo¬ 
hexene  and  A  -cyclohexenone  has  the  structure  of  cis-^  -dodecahydrophen- 
anthren-4-one  (ll) . 


We  were  greatly  interested  in  converting  the  cis  ketone  (ll)  into  the 
corresponding  trans  compound,  as  this  would  be  of  importance  in  synthesizing 
compounds  related  to  the  steroids,  in  which  rings  of  trans  configuration 
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predominate.  Instances  of  this  sort  of  transformation  are  fairly  numerous 
among  bicyclic  compounds  [7]*  We  recently  effected  similar  cis-trans 
conversions  in  our  laboratory,  using  6-methoxy-/^®  -octalone-1  and  1,6- 
-diketodecalin, ,  likewise  synthesized  in  diene  condensations. 


TABLE  1 


■■  ■  ■  ’  -  n 

- r 

4-methylphenanthrene 

Melting  point 

- P- 

Prepared 
by  us 

i 

Described  ; 

in  the  i 

I 

literature 

l-methylphenanthrene 

Hydrocarbon  ............ 

Picrate  . . 

Styphnate  .............. 

4l* 

l4l  -  142 

134 

49  -  50*  : 

l40  -  l4l  i 
135  i 

ll8*[4.;  117 
123 [5];  135  - 
139[5];  149  - 

-  ll8-[6]; 

136 [4’; 
150[4]. 

We  have  investigated  the  action  of  sodium  methylate  upon  cis  -dode- 

cahydrophenanthren-4-one  (ll)  and  found  that  the  cis  ketone  (ll)  was  smoothly 
converted  into  the  trans  ketone  (Vl) .  Hydrogenation  of  the  cis  and  trans 
isomers  yielded  cis -per  by  dr  ophenanthr  en-4 - one  (VII )  and  trans -per hydrophenan- 
thren-4-one  (VIlYIT  respectively: 


H  H 
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The  melting  points  of  these  ketones  and  of  their  derivatives  are  listed 
in  Table  2. 


TABLE  2 


Melting  point 

Ketones 

Ketone 

j  Semicarbazone 

Dinitrophenyl- 

hydrazone 

Cis-  .A  -dodecahydrophenan- 

thren-4-one  (ll) 

63* 

;  188* 

167° 

Trans-  .A®®^  -dodecahydrophenan- 
thren-4-one  (Vl) 

76 

1 

188  -  189 

189 

C i s - per hy dr  ophenant hren-4-one 
(VII) 

no  - 

112 

91  -  92 

140 

Trans -per hydr  ophenant hr  en-4 - one 
(VIII) 

74  - 

75 

1 

i 

210  -  212 

These  examples  indicate  that  diene  condensation  with  a, 3-unsaturated  cyclic 
ketones  yields  polycyclic  ketones  with  only  cis  configurations.  An  analogous 
rule  for  the  formation  of  cis  compounds  in  diene  syntheses  has  been  put  forward 
previously  [8] . 


EXPERIMENTAL 

The  -cyclohexenone  was  prepared  by  a  method  developed  in  our  laboratory, 
involving  splitting  hydrogen  bromide  out  of  a-bromocyclohexanone j  its  constants 
were;  b.p.  71*  at  25  mmj  n^®lA840. 

The  1-vinyl-  Z^-cyclohexene  was  prepared  by  dehydrating  1-vlnyl-l-cyclo- 
hexanol  with  potassium  bisulfate,  as  described  by  I. N. Nazarov  and  T.D.Nagiblna 
[l],  and  also  by  dehydration  utilizing  phosphoric  anhydride  as  described  below. 

Dehydration  of  1-vinylcyclohexan-l-ol  with  phosphoric  anhydride.  10  grams 
of  phosphoric  anhydride  were  added  in  small  portions  during  the  course  of  45 
minutes,  with  stirring,  to  20  g  of  1-vinylcyclohexan-l-ol  (b.p.  62“  at  9  inmj 
n^® 1,4770)  in  100  ml  of  anhydrous  acetone.  The  temperature  of  the  reaction 
mixture  rose  to  35**  The  mixture  was  then  stirred  for  another  half-hour  at 
50*,  and  then  neutralized  with  a  soda  solution,  saturated  with  potash  until  the 
liquid  separated  into  layers,  and  extracted  with  ether.  The  ether  extract 
was  desiccated  with  calcium  chloride.  The  ether  and  the  acetone  were  driven  off, 
and  the  residue  was  fractionated  at  low  vacuum,  yielding  11. 5  g  of  1-vinyl-Z^- 
-cyclohexene,  with  a  b.p.  of  63  -  65*  at  53  nimj  and  l42  -  l44*  at  760  mm; 
n^^l.4910.  We  also  recovered  1,5  g  of  the  initial  1-vinylcyclohexan-l-ol  with 
a  b.p,  of  62  -  63*  at  10  mmj  n^^  1,4780,  The  tarry  distillation  residue 
totaled  2,5  g. 

jJ  .1 

Condensation  of  l-vinyl- Za -cyclohexene  with  ZX -cyclohexenone,  7  grams  of 
vinyl- -cyclohexene  and  I6  g  of ^ -cyclohexanone  were  heated  in  a  metal 
ampoule  for  3  hours  to  200  -  205*  with  0,1  g  of  pyrogallol.  Fractionation  of 
the  reaction  products  yielded  l4  g  of  a  mixture  of  the  unchanged  cyclohexanone 
and  vinylcyclohexene  (b,p.  60  -  65°  at  21  mm|  np°  l,484o)  plus  6  g  of  cis- A  ®®  - 
-dodecahydrophenanthren-4-one  (ll)  as  a  faintly  greenish,  thick  liquid  with  a 
pleasant  fragrance,  which  crystallized  in  the  course  of  a  few  minutes  into 
minute  needles, 

B  p.  127*  at  3  mmj  np°l,>5280|ni*P-  63“  (from  alcohol),  4,910  mg  substance; 

14,760  mg  CO2;  4,280  mg  H2O1  4.270  mg  substance;  12.840  mg  QOz",  3*780  mg 
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HsO.  Found  C  82.0,  82.1;  H  9-75,  9.9-  C14H20O.  Calculated  C  82.35; 

H  9.8. 

The  semlcarhazone  of  cis- -dodecahydrophenanthren-U-one  was  thrown 
down  Instantaneously  when  the  components  were  mixed  together.  B.p.  I88* 

(from  alcohol).  5*992  mg  substance;  0.5^9  ml  N2  (24*,  742mm).  3*640  mg  substance: 
0.506  ml  N2  (25%  741  mm).  Found  N  15.4,  I5.5.  C15H23ON3.  Calculated 
N  16.1. 

2,4-dlnitrophenylhydrazone  of  els-  -dodecahydrophenanthren-4-one 

had  a  melting  point  of  167*  (from  alcohol).  3*098  mg  substance;  O.386  ml  N2 
(21®,  736  mm).  5*303  mg  substance:  0.4l3  ml  N2  (21*,  736  mm).  Found 
N  l4.1,  l4.1.  C20H24O4N4  .  Calculated  N  l4.6. 

Hydrogenating  cis- -dodecahydrophenanthren*-4-one  (ll)  *  1.1  grams  of 
the  ketone (m.p.  63*)  were  dissolved  in  5  ml  of  alcohol  and  hydrogenated  by 
Adams'  platinum  method,  160  ml  of  hydrogen  (25*,  752  mm)  were  absorbed,  as 
against  the  152  ml  required  for  a  single  double  bond.  This  yielded  0,9  g  of 
cis-  perhydrophenanthren-4-one  ■  (VIIl)  as  colorless  crystals  with  a  m.p.  of 
110  -  112*  (from  alcohol) , 

4,460  mg  substance;  13.375  mg  CO2;  4.195  mg  H2O.  Found  C  8l,8;  H  10,5. 
C14H22O.  Calculated  C  8l,5;  H  10,7. 

The  semicarbazone  of  cis-perhydrophenanthren-4-one  (VIl)  had  a  m.p,  of 
91  -  92*  (from  50^  methanol) , 

3.997  mg  substance;  O.567  ml  N2  (24*,  735  mm).  3*'902  mg  substance: 

0.539  ml  N2  (23%  753  mm).  Found  N  I5.8,  I5.8.  C15H25ON3.  Calculated 

N  16.0, 

The  2,4-dinitrophenylhydrazone  of  cis -per hydr ophenant hr en-4 - one  (VIl)  had 
a  m.p,  of  l4o*  (from  alcohol), 

3.891  mg  substance;  0.504  ml  N2  (20*,  745  mm).  3.298  mg  substance:  0,428  ml 
N2  (20*,  745  mm).  Found  N  l4,9,  l4.95.  CP0H26O4N4.  Calculated  N  l4.5. 

Action  of  methylmagnesium  iodide  upon  cis--A.^^  -dodecahydrophenanthren-4-one 
(ll) ,  5  grams  of  cls-^^^  -dodecahydrophenanthren-4-one  (ll),  with  a  m.p.  of 

d5*,  were  dissolved  in  10  ml  of  absolute  ether  and  then  added  to  a  methylmagnesium 
iodide  solution,  prepared  from  1.2  g  of  magnesium  and  7  g  of  methyl  iodide  in  40  ml 
of  absolute  ether.  The  reaction  mass  was  stirred  for  three  hours  at  20*  and 
then  allowed  to  stand  overnight.  The  next  day  the  mass  was  stirred  for  six  hours 
at  35* ^  cooled,  and  decomposed  with  30  ml  of  10^  sulfuric  acid.  The  ether 
layer  was  separated,  and  the  aqueous  layer  extracted  with  ether,  after  which  the 
combined  ether  extracts  were  washed  with  a  hyposulfite  solution  and  desiccated 
with  sodium  sulfate.  Driving  off  the  ether  and  distilling  the  product  in  vacuo 
yielded  5  g  of  4-methyl-  -dodecahydrophenanthren-4-ol  (ill)  as  colorless 

crystals  with  a  b.p,  of  l40  -  142*,  at  3  mm  and  a  m.p.  of  117  -  II8*  (from 
75^  alcohol), 

3.820  mg  substance:  11.486  mg  CO2;  5.620  mg  H2O.  5.090  mg  substance: 

15.307  rag  CO2;  4.852  mg  H2O,  Found  C  82.0,  82.1;  H  10.6,  10,7.  C15H24O. 
Calculated  C  8I.8;  H  10. 9. 

In  this  experiment  we  also  secured  1,4  g  of  a  liquid  fraction  with  a  b.p, 
of  132"  at  5  ram  and  n§°  1,5260,  which  most  likely  was  the  impure  original  cis- 
-  A  -dodecahydrophenanthren-4-one (ll) . 

Dehydration  of  4-methyl- A -dodecahydrophenanthren-4-ol  (ill).  A  mixture 
of  3.0  g  of  the  carbinol,  with  a  m.p.  of  117  -  II8*,  and  5  ml  of  70^  sulfuric  acid 
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was  stirred  vigorously  for  three  hours  at  75*.  After  the  product  had  been 
neutralized  with  soda,  extracted  with  ether,  and  desiccated,  and  the  ether 
driven  off,  the  residue  of  4-methyldecahydrophenanthrenes  (iV)  was  double- 
distilled  in  vacuo,  yielding;  Fraction  I,  bop.  Il4  -  117*  at  3  nim,  0.5  g; 
and  Fraction  II,  b.p.  125  -  127*  at  5  ™i,  1.0  g. 

Fraction  I  was  a  colorless,  mobile  liquid  with  a  faint  odor, 
ng®  1.52455  d|°  0.96815  MRj)  65085  Calc,  63.8 

8.21  mg  substance;  26.77  nig  CO25  8,19  mg  H2O.  Found  C  89. 05  H  11.2. 
C15H220  Calculated  C  89. I5  H  10. 9. 

Fraction  II  was  a  colorless,  mobile  liquids  ng°  I.526O5  df®  0. 97765 
MRj)  64.45  Calc,  63.8. 

7.31  mg  substance;  23. 80  mg  CO25  7.20  mg  H2O,  Found  C  88.95  H  11.1. 
C15H22.  Calculated  C  89. I5  H  10. 9. 

Dehydrogenation  of  the  mixture  of  4-methyldecahydrophenanthrenes  (IV)  using 
selenium.  0.8  grams  of  the  substance  (Fraction  II)  was  placed  in  a  small  Wurtz 
flask  together  with  2.0  g  of  selenium  and  heated  to  300  -  310*  for  three  hours. 
Hydrogen  selenide  was  evolved.  After  the  mixture  had  cooled,  the  product  was 
extracted  with  ether,  the  ether  driven  off,  and  the  residue  distilled  in  vacuo. 
This  yielded  0.4  g  of  a  substance  with  a  b.p.  of  I27  -  135*  at  3  mm5  ng®  1.5490. 
When  the  substance  was  mixed  with  an  alcoholic  solution  of  picric  acid,  a 
minute  quantity  of  the  picrate  settled  out  (m.p.  87  -  94*). 

When  the  dehydrogenation  was  prolonged,  the  refractive  index  of  the 
reaction  products  rose  to  nj^  1.57^  though  the  yield  dropped  off.  No  distillable 
products  were  secured  even  when  dehydrogenation  was  continued  for  I5  hours. 

A  test  using  Fraction  I  yielded  similar  results. 

Dehydrogenation  of  the  mixture  of  4-methyldecahydrophenanthrenes  (IV)  using 
platinized  charcoal.  1,5  grams  of  the  substance  and  0.7  g  of  finely  powdered 

platinized  charcoal  (30^  Pt)  were  placed  in  a  small  Wurtz  flask  and  heated  to 

330  -  350*  in  a  gentle  current  of  carbon  dioxide.  The  hydrogen  evolved  was  led 
off  to  an  azotometer  that  contained  a  solution  of  potassium  hydroxide. 
Practically  no  more  hydrogen  was  evolved  after  five  hours  of  heating.  A  total 
of  580  ml  of  hydrogen  (l8*,  760  mm)  was  evolved,  as  against  the  85O  mm  called 
for  theoretically.  After  the  reaction  mass  had  cooled,  it  was  extracted  with 
ether,  the  ether  driven  off,  and  the  residue  distilled  in  vacuo. 

Fraction  I,  b.p.  133  ■*  135*  at  3mm,  0.2  g5  ng°  I.545O5  Fraction  II,  b.p. 

136  -  l44*  at  5  mm,  0.1  gj  ng°  1. 5825 5  Fraction  III,  b.p.  l45  -  150*  at  3  mm, 

0,5  g;  ng°  1.6i45s  residue  0.5  g. 

Fractions  I  and  II  did  not  produce  a  picrate.  We  managed  to  secure  a 
small  quantity  (less  than  0.5  g)  of  a  picrate  with  a  m.p.  of  152  -  135*  from 
Fraction  III. 

Dehydrogenation  of  the  mixture  of  4-methyldecahydrophenanthrenes  (IV)  using 
Raney  nickel.  2.2  grams  of  the  mixture  of  methyldecahydrophenanthrenes,  100  ml 
of  benzene,  and  10  g  of  Raney  nickel,  washed  successively  with  alcohol,  ether, 
and  benzene,  were  placed  in  a  half-liter  rotating  autoclave  and  heated  in  an 
atmosphere  of  nitrogen  to  350  -  36O*  for  3.5  hours  and  to  570  -  58O*  for  50 
minutes.  The  benzene  solution  was  filtered, the  benzene  driven  off,  and  the 
residue  distilled  in  vacuo;  Fraction  I,  b.p.  80  -  120“  at  1  mm,  0,7  g|  Fraction 
II,  b.p,  120  -  130*  at  1  mm,  1,0  g5  and  a  tarry  residue  of  about  0.4  g. 
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Neither  Fraction  I  nor  Fraction  II  crystallized  upon  cooling.  Fraction 
II  was  mixed  with  a  solution  of  1  g  of  picric  acid  in  10  ml  of  absolute 
alcohol.  An  orange-colored  picrate  was  thrown  down  at  once.  The  picrate  was 
allowed  to  stand  three  hours  on  ice,  after  which  it  was  suction-filtered  and 
washed  three  times  with  cold  alcohol.  This  yielded  0.6  g  of  the  picrate  with 
a  m.p.  of  155  -  1^0®.  Another  0,1  g  of  the  picrate  was  secured  from  the 
mother  liquor.  Crystallization  of  the  0.6  g  of  the  picrate  from  2  ml  of  alcohol 
yielded  0.4  g  of  a  substance  with  a  m.p.  of  l4l  -  l42*  that  remained  unchanged 
after  further  crystallization. 

The  picrate  was  decomposed  by  agitating  a  solution  of  0.55  S  of  the  picrate 
in  50  ml  of  ether  with  a  2  -  5^  solution  of  sodium  hydroxide.  A  second  agitation 
with  a  fresh  portion  of  the  alkali  yielded  a  wholly  colorless  ether  layer.  After 
desiccation  with  sodium  sulfate  and  driving  off  the  ether,  the  residue  of  0.17 
g  crystallized  completely  into  a  slightly  yellowish  crystalline  mass  with  a 
m.p,  of  59  -  4l* .  Crystallization  from  2  ml  of  methanol  yielded  0.1  g  of 
4-methylphenanthrene  (V)  as  pliant  white  needles  with  a  m.p.  of  4l* . 

8,50  mg  substances  28.55  mg  CO2;  4.70  mg  H2O.  '^.Q2  mg  substance:  20.07  mg 
CO25  5«17  mg  H2O,  Found  C  93»9^  94.1;  H  6.55^  6.0.  C15H12.  Calculated 
C  93.7,  H  6.5o 

Treating  Fraction  I  with  picric  acid  yielded  only  a  negligible  quantity  of 
picrate. 

The  picrate  of  the  synthesized  4-methylphenanthrene  (V)  had  a  m.p,  of 
l4l  -  l42* .  The  styphnate  had  a  sharp  melting  point  of  154*.  The  dehydrogenation 
experiment  was  performed  with  both  Fractions  I  and  II  of  the  mixture  of  methyl- 
decahydrophenanthrenes  (IV),  the  picrate  of  4-methylphenanthrene  being  obtained 
in  both  instances. 

Attempt  to  dehydrogenate  cis-^^9'  -dodecahydr ophenanthren-4-one  (ll)  using 
selenium,  1.7  grams  of  the  ketone  (II)  and  I.5  g  of  selenium  were  heated  to 
320  -  540*  in  a  10  ml  Wurtz  flask  for  four  hours.  The  liquid  boiled  at  first, 
but  boiling  practically  ceased  toward  the  end  of  the  heating  period.  The  residue 
was  dissolved  in  20  ml  of  ether  and  mixed  with  20  ml  of  5^  potassium  hydroxide 
for  an  hour.  The  aqueous  layer  was  separated,  extracted  with  ether,  and  acidulated. 
Nothing  but  a  minute  amount  of  tar  was  secured. 

Isomer Iz Ing  cis-.A.^^  -dodecahydr ophenanthren-4-one  (ll)  to  the  trans  isomer 
(Vl) ,  A  solution  of  0,5  g  of  cis- A  -dodecahydrophenanthren-4-one  (II),  with 
a  m.p,  of  65*,  in  5  ml  of  methanol  that  contained  0.5  1°  of  sodium  methylate  was 
refluxed  for  three  hours.  The  product  was  neutralized  with  acetic  acid,  the 
methanol  was  driven  off  in  vacuo,  and  the  residue  was  diluted  with  5  ml  of 
water  and  extracted  with  ether.  Driving  off  the  ether  left  behind  a  viscous 
yellow  oil  that  crystallized  two  days  later.  Crystallization  from  alcohol  yielded 
0,5  g  of  trans  -  -dodecahydrophenanthren-4-one  (Vl)  with  a  m.p.  of  76*.  Its 

mixed  melting  point  with  the  original  ketone  (ll)  was  4l  -  45*. 

The  semicarbazone  of  the  trans- -dodecahydr ophenanthren-4 -one  (Vl)  had 
a  m.p,  of  188  -  189*;  its  mixed  melting  point  with  the  semicarbazone  of  the  original 
ketone  (ll)  was  186  -  l88* . 

The  2,4-dinltrophenylhydrazone  of  the  trans- ^ -dodecahydr ophenanthren-4 - 
-one  (Vl)  had  a  m.p.  of  189*  (from  alcohol). 

5,198  mg  substance:  0.4o6  ml  N2  (20*,  745  mm).  5.605  mg  substance;  0,460  ml 
N2  (20",  745  mm).  Found  N  l4,5,  l4.6,  C20H24O4N4.  Calculated  p.  N  l4.6. 

The  mixed  melting  point  with  the  dlnitrophenylhydrazone  of  the  original 
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ketone  (ll)  was  approximately  15^*. 

Hydrogenation  of  trans-Z^®^  -dodecahydrophenanthren-4-one  (Vl)  o  0.5  gram 
of  the  ketone  (Vl),  with  a  m.po  of  was  dissolved  in  5  nil  ot  alcohol  and 

hydrogenated  with  Pt  by  the  Adams  method,  80  ml  of  hydrogen  (25*  >  7^0  mm) 
were  absorbed,  the  theory  calling  for  65  ml  of  hydrogen.  Filtration  and 
crystallization  from  alcohol  yielded  0.3  g  of  tr ans -per hydr ophenanthr en-4 - one  (VIIl) 
with  a  m.p.  of  7^  -  75*  •  I'ts  mixed  melting  point  with  a  sample  of  the  cis 
Isomer  was  6l  -  62* . 

The  2,4-dinitrophenylhydrazone  of  trans~perhydrophenanthren-4-one  (VIIl) 
had  a  m.p.  of  210-212*  (from  alcohol). 

2.205  fflg  substances  0.286  ml  N2  (20*,  7^5  nun).  3»904  mg  substances  O.502  ml 
N2  (20*,  752  mm).  Found  ^s  N  l4.9,  l4.8.  C20H26O4N4.  Calculated  ^s  N  l4.5. 

SUMMARY 

1.  Condensing  1-vinyl- ^ ' -cyclohexene  with  -eye lohexenone  yields  cis- 

_^8a  _(iodecahydr  ophenanthr  en-4 -one  (ll),  the  structure  of  which  has  been 
proved  by  a  series  of  transformations,  ending  up  with  the  well-known  4-methyl- 
phenanthrene  (V).  If  the  other  isomeric  ketone  (l),  i.e.,  cis-  -dodecahydro- 

phenanthren-l-one  is  formed  in  this  condensation  at  all,  it  cannot  total  more 
than  10^  of  the  whole. 

2.  Cis- -dodecahydrophenanthren-4-one  (ll)  has  been  isomer ized  to 
trans-2!!:^  oa-  -dodecahydrophenanthren-4-one  (Vl)  by  using  sodium  methylate. 

5.  The  cis-  and  trans-perhydrophenanthren-4-ones  (VII  and  VIIl)  have  been 
synthesized  by  hydrogenating  the  cis-  and  trans-Z::^^^-dodecahydrophenanthren-4- 
-ones  (ll  and  VI ) . 
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DERIVATIVES  OF  ACETYLENE 

131 0  SYNTHESIS  OF  POLYCYCLIC  COMPOUNDS. IX.  CONDENSATION.  OF 
DI- A '  -CYCLCHEXENYL  WITH  a, 3 -UNSATURATED  CYCLIC  KETONES 


I. N. Nazarov  and  I. V. Tor gov 


Pursuing  our  researches  on  the  synthesis  of  polycyclic  compounds  by  the 
method  of  diene  condensation  with  a, p-unsaturated  cyclic  ketones,  we  decided 
to  ascertain  whether  it  was  feasible  to  perform  this  reaction  with  bicyclic  and 
tetracyclic  dienes,  both  of  whose  double  bonds  were  in  the  rings.  As  a  typical 
example  of  a  bicyclic  diene  we  selected  di-  A ' -cyclohexenyl  (l),  which  can  be 
readily  prepared  from  cyclohexanone  by  reducing  the  latter  to  a  plnacone  and 
dehydrating; 


The  ability  of  di- -cyclohexenyl  to  enter  into  a  diene  condensation  has  been 
established  by  Barnett  and  Lowrens  [1],  who  condensed  it  with  maleic  anhydride 
and  p-benzoquinone,  as  well  as  by  Gruber  and  Adams  [2],  who  condensed  dl-/A’- 
-cyclohexenyl  with  acrolein.  It  was  important  to  find  out  whether  di- Aw' -cyclo- 
hexenyl  was  able  to  condense  with  a, 3-unsaturated  cyclic  ketones,  which  react 
with  much  more  difficulty,  as  we  had  ascertained  in  a  number  of  earlier  invest¬ 
igations  [3],  than  maleic  anhydride  and  the  aliphatic  a, 3-unsaturated  aldehydes 
and  ketones.  In  order  to  determine  this  we  explored  the  condensation  of  dicyclo- 
hexenyl  (l)  with  A.'-cyclohexenone  (ll),  1-methyl-  A' -eye lohexen-6-one  (ill), 
1,3-dlmethyl-  A ' -cyclopenten-5-one  (IV),  and  1,3-dimethyl- A '-cyclopenten-4, 5- 
‘-dione  (V)  s 


(II) 


CH3  f} 


(III) 


We  found  that  dicyclohexenyl  (l)  reacts  at  approximately  200®  with  all  three 
unsaturated  cyclic  ketons  (ll.  III,  and  IV),  yielding  the  respective  tetra¬ 
cyclic  ketones,  the  yields  ranging  from  10  to  30^.  The  cyclohexenone  (ll),  which 
has  no  substituents,  reacts  most  easily  with  dicyclohexenyl  (l),  the  methyl- 
cyclohexenone  (ill),  which  has  a  methyl  group  attached  to  a  double  bond,  reacting 
less  readily.  Though  it  possesses  a  methyl  group  attached  to  the  double  bond, 
the  dimethylcyclopentenone  (IV)  reacts  almost  as  easily  with  the  dicyclohexenyl  (l) 
as  the  cyclohexenone  (ll),  which  has  no  substituents.  The  reaction  rate  and  the 
condensation  product  yield  drop  off  when  the  temperature  is  lowered  below  200*. 

The  dimethylcyclopentendlone  (V),  which  is  more  actively  dlenophllic  than 
the  a, 3-unsaturated  cyclic  ketones,  reacts  with  the  dicyclohexenyl  (l)  even  at 
100* . 
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In  contrast  to  the  syntheses  effected  in  our  laboratory  in  the  past  [3]} 
where  we  had  to  use  an  excess  of  the  cyclic  ketone  to  diminish  the  dimerization 
of  the  diene,  this  excess  is  unnecessary  in  the  present  instance,  inasmuch  as 
dicyclohexenyl  (l)  does  not  dimerize  even  at  200®.  This  circumstance  also 
facilitated  the  isolation  of  the  condensation  products  in  the  pure  state. 

Heating  equimolecular  quantities  of  dicyclohexenyl  (l)  and  -cyclohexenone 
(ll)  to  200®  for  6  hours  produced  <^-N®^-hexadecahydrotrlphenylen-l-one  (Vl),  the 
yield  being  about  30^,  based  on  the  diene  used  for  the  reaction.  The  ketone 
(Vl)  was  converted  into  ®®-hexadecahydrotriphenylene  (VIl)  by  the  Clemmensen 
method,  the  compound  (VIl)  then  yielding  the  well-known  trlphenylene  (VIIl)  when 
dehydrogenated  with  Raney's  nickel.  The  melting  points  of  the  last  hydrocarbon, 
as  well  as  that  of  its  picrate,  agreed  with  the  figures  given  in  the  literature 

[4]. 


(I)  (II)  (VI)  (VII)  (VIII) 


The  yield  of  12b-methyl-  Z!l.®^-hexadecahydrotriphenylen-l-one  (iX)  was  only  10^, 
based  on  the  diene  used  for  the  reaction,  when  the  dicyclohexenyl  (l)  was 
condensed  with  1 -methyl- A.' -eye lohexen-6- one  (ill),  despite  the  prolonging  of 
the  reaction  time  (27  hours  at  200°).  The  dimethylcyclopentenone  (IV)  reacted 
with  the  dicyclohexenyl  (l)  more  readily,  6  hours  at  200*  yielding  about  30^ 
of  3^ 8-dimethyl-  ^ ®-dodecahydro-4,5,6,7-dibenzindan-l-one,  which  was  isolated 
as  two  stereo  Isomers  (a,3),  to  which  we  assigned  the  structures  (x)  and  (Xl) . 
They  could  be  separated  by  crystallization  from  ether  and  petroleum  ether. 


Under  ordinary  conditions  neither  ketone  (x)  nor  ketone  (Xl)  can  be  hydro¬ 
genated,  no  matter  whether  a  platinum  or  a  palladium  catalyst  is  employed;  this 


r 


is  due  to  the  peculiar  position  of  the  double  bond,  belong  to  three  rings  in 
the  condensed  system.  Condensing  the  dicyclohexenyl  (l)  with  1,3-dimethyl- 

-  A ' -cyclopenten-4,5-dione  (v)  at  100*  produced  a  6o°jo  yield  of  3^8-<ilmethyl- 

-  /i^-dodecahydro-4,5,6,7-dibenzindan-l,2-dione  (XIl) .  Raising  the  temperature 
a  little  bit,  (to  120°)  no  longer  yields  the  diketone  (XIl) ,  but  rather  its 
isomerization  product,  3^8-dimethyl-  -A  ^^^-decahydro-4,5,6,7-dibeniindan-2-ol-l- 
-one  (XIIl) .  This  isomerization  takes  place  with  extraordinary  ease,  also 
occurring  quantitatively  when  alkaline  agents  (caustic  alkalies,  piperidine)  act 
upon  the  diketone  (XIl) .  Acid  agents  do  not  cause  the  reverse  transformation. 
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The  structure  of  the  diketone  (XIl)  and  of  the  keto-enol  (XIIl)  follow  from  the^r 
physical  and  chemical  properties.  The  dlketone  (XIl)  consists  of  yellow  crystals 
that  react  readily  with  o-phenylenediamine  to  form  the  quinoxaline  (XIV),  which 
exhibits  no  hydroxyl  group  in  a  Tserevitlnov  test  and  is  hydrogenated  with  a  Pt 
catalyst  by  the  Adams  method.  The  keto-enol  (XIIl)  consists  of  white  crystals j 
it  does  not  form  a  quinoxaline, color  ferric  chloride  violet,  exhibit  the  presence 
of  one  hydroxyl  group  in  a  Tserevitlnov  test,  is  readily  acetylated,  yielding 
the  monoacetate  (XV),  and  is  not  hydrogenated  by  Pt  or  Pd  catalysts,  although 
it  contains  two  double  bonds.  It  should  be  added  that  enols  are  hard  to  hydro¬ 
genate.  Nor  can  the  simplest  analog  of  the  keto-enol  (XIIl),  viz:  3^5“dimethyl- 
-  A^-cyclopenten-2-ol-l-one,  be  hydrogenated  with  Pt  or  Pd  catalysts. 

That  enol  forms  of  cyclic  1,2-diketones  exist  has  been  known  for  a  long 
time.  A  recent  quantitative  determination  [5]  has  shown  that  1,2-cyclopentan- 
dlone  and  1,2-cyclohexandione  are  100^  enoliCo  In  one  of  our  previous  papers 
we  have  shown  that  tricyclic  ketones  that  contain  a  tetrahydropyran  ring: 
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enolized  with  extraordinary  ease  and  behave  like  hydroxyl  groups  when  acted 
upon  by  a  Grignard  reagent.  The  acetates  (XVIIl)  and  (XIX)  likewise  exhibit 
a  single  hydroxyl  group  in  a  Tserevitinov  determination,  so  that  they,  too, 
can  be  enolized  by  methylmagnesium  iodide.  The  production  of  the  same 
dinitrophenylhydrazone  from  each  of  the  ketols  (XVI  and  XVII )  indicates  that 
the  one  ketol  is  isomerized  to  the  other  under  the  conditions  prevailing 
during  the  formation  of  the  dinitrophenylhydrazone,  i.e.,  in  an  acid  medium. 

As  a  matter  of  fact,  when  the  low-melting  ketol  (XVIl)  is  acted  upon  by 
hydrochloric  acid,  it  is  isomerized  to  the  high-melting  ketol  (XVl) .  Sodium 
methylate  effects  the  same  irreversible  Isomerization  in  the  cold.  When  the 
acetate  of  the  low-melting  ketol  (XIX)  is  acted  upon  by  hydrochloric  acid, 
no  isomerization  takes  place,  all  that  happens  being  a  partial  saponification. 
Sodium  methylate  saponifies  the  acetate  (XIX) ,  the  ketol  (XVIl)  that  results 
being  isomerized  to  the  ketol  (XVl) . 

Favorsky  and  his  associates  have  described  a  simileLT  Izomerization  of 
ketols  that  contain  tertiary  radicals  [9]*  ^,4-Dimethylpentan-2-ol-3-one,  for 
instance,  is  isomerized  to  4,4-dimethylpentan-3-ol-2-one  by  the  action  of 
acids ; 

CH3  CH3 

CH3— C— CO— CH(OH)— CH3  >  CH3— C— CH(OH)— CO— CH3 

CH3  CH3 


Methylbenzoylcarbinol  is  similarly  isomerized  to  phenylacetylcarblnol. 

This  is  why  we  believe  that  the  formula  \XVl)  is  more  probable  for  the 
ketol  with  a  m.po  of  159  -  l62*,  inasmuch  as  the  hydroxyl  group  is  attached  to 
the  tertiary  carbon  atom  in  the  Instances  cited. 

When  the  acetates  (XVIIl)  and  (XIX)  were  saponified  with  alkali,  we  secured 
the  dibasic  acid  (XXl).  Further  research  indicated  that  this  acid  can  be 
secured  from  the  ketols  (XVl)  and  (XVIl)  themselves  by  oxidizing  them  with 
atmospheric  oxygen  in  an  alkaline  solution.  Treating  the  acid  (XXl)  with  acetic 
anhydride  yields  the  anhydride  (XXIl): 


In  order  to  produce  the  ketol  (XVIl)  in  some  other  manner  we  tried  to  hydro¬ 
genate  the  double  bond  in  the  keto-enol  (XIIl) .  We  found,  however,  that  hydro¬ 
genation  does  not  take  place  at  all  at  temperatures  below  100*,  in  an  autoclave 
with  Raney’s  nickel, while  at  120*  both  the  double  bond  and  the  keto  group  are 
hydrogenated  simultaneously,  so  that  we  get  the  glycol  (XXIIl) . 


(XIII) 
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Hydrogenating  the  high-melting  ketol  (XVl)  yielded  a  noncrystallizing 
mixture  of  products,  from  which  we  were  unable  to  Isolate  the  glycol  (XXIIl) . 

It  should  be  said  that  the  double  bond  linking  three  condensed  rings 
remained  untouched  in  every  case  of  hydrogenation. 

After  we  had  established  the  condensability  of  di-.Z^ ' -cyclohexenyl 
(l)  with  a, 3-unsaturated  cyclic  ketones,  it  was  only  natural  to  apply  this 
reaction  to  the  tetracyclic  dienes,  which  can  be  prepared  by  reducing 
bicyclic  ketones  to  pina cones  :  and  dehydrating  the  latter.  If  the  initial  ketones 
contained  functional  groups,  this  should  finally  yield  polycyclic  compounds 
that  contained  the  estrone  system.  The  polycyclic  ketone  (XXVl)  ought  to  be 
produced  from  a-tetralone,  while  6-methoxytetralone  ought  to  yield  the 
polycyclic  dimethoxy  ketone  (XXIX)  containing  the  methyl  ester  of  estrone: 
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(XXVIII)  (XXIX) 

We  chose  a-tetralone  as  the  first  substance  to  be  tested.  The  a-tetralone 
was  reduced  with  aluminum  in  a  mixture  of  alcohol  and  benzene,  thus  converting 
it  into  a  pinacol  (XXIV),  which  was  then  dehydrated  to  the  corresponding  hydro¬ 
carbon  (xxv).  This  hydrocarbon  (XXV)  reacted  readily  with  maleic  anhydride, 
yielding  the  normal  addition  product  (XXX)  [lOj. 
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All  our  attempts  to  condense  the  hydrocarbon  (XXV)  with  l,3-<iimethyl-h' -cyclo- 
penten-5-one  (IV)  met  with  failure,  however;  at  200°  the  bulk  of  the  hydro¬ 
carbon  (XXV)  was  recovered  unchanged,  while  raising  the  temperature  caused  sub¬ 
stantial  tarring,  though  even  then  part  of  the  hydrocarbon  did  not  enter  into 
the  reaction.  Adding  chloroacetic  acid  and  sulfur  dioxide,  which  accelerate 
the  diene  synthesis  reaction  according  to  the  literature  [llj,  was  of  no  use: 
all  that  happened  was  an  increase  in  the  amount  of  tarring.  Nor  did  the  hydro¬ 
carbon  (XXV)  react  even  with  so  reactive  a  dlenophile  as  1,3-dimethyl-A* -cyclo- 
penten-4,5-dione  (V),  80^  of  the  hydrocarbon  (XXV)  being  recovered  unchanged 
at  120° . 

The  situation  was  even  more  difficult  as  far  as  ^-methoxytetralone  was 
concerned.  When  we  reduced  this  compound  with  aluminum  in  an  alcohol-ben¬ 
zene  mixture,  we  obtained  a  difficultly  separable  mixture  of  products  that 
contained  the  pinacol  (XXVIl) .  Treating  this  mixture  with  acetic  acid  did 
not  yield  the  pure  diene  (XXVIIl)  as  stated  in  the  literature  [12],  but  a  mix¬ 
ture  of  low-melting  substances  from  which  we  were  unable  to  isolate  any  indivi¬ 
dual  substance. 

We  also  explored  the  reduction  of  a-decalone  and  9-niethyl-/^®-octalone-l. 

We  found  that  these  ketones  could  not  be  reduced  by  aluminum  in  benzene  at  all, 
while  in  an  alcohol-benzene  mixture  part  of  the  ketone  was  apparently  reduced 
to  a  carbinol,  as  Indicated  by  the  slight  increase  in  the  refractive  index  of 
the  reaction  product.  Substituting  magnesium  for  aluminum  caused  no  change. 

In  view  of  the  negative  results  obtained  in  our  efforts  to  reduce  a-deca- 
lone  and  9-niethyl-/®-octalone-l  with  aluminum  or  magnesium,  we  exploreu  the 
possibility  of  securing  polycyclic  pinacols  by  the  Karash  method:  reacting 
the  ketones  with  methylmagnesium  bromide  in  the  presence  of  cobaltous  chloride. 
This  method,  which  yields  excellent  results  with  benzophenone  and  Isophorone 
[13]^  proved  to  be  wholly  useless  for  cyclohexanone  and  a-decalone,  the  usual 
reaction  involving  the  formation  of  a  tertiary  alcohol  taking  place.  Thus, 
a-decalone  and  9-niethyl-A®-octalone-l  do  not  yield  pinacols  by  any  of  the  most 
commonly  used  reduction  methods. 


EXPERIMENTAL 

Reduction  of  cyclohexanone  to  a  pinacol.  25  grams  of  aluminum  granules 
and  200  ml  of  absolute  benzene  were  placed  in  a  three-necked  flask  fitted  with 
a  reflux  condenser,  a  calcium  chloride  tube,  and  a  stirrer  with  a  mercury  seal. 
The  benzene  was  heated  almost  to  the  boiling  point  and  stirred  while  a  solution 
of  12  g  of  mercuric  chloride  in  100  g  of  freshly  distilled  cyclohexanone  was 
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added  in  a  single  batch.  A  violent  reaction,  with  frothing,  set  in  within  1  or 
2  minutes,  so  that  the  flask  had  to  be  cooled  externally.  Boiling  stopped  20 
minutes  later.  The  mixture  was  stirred  and  boiled  for  two  hours,  then  chilled 
with  ice,  decomposed  with  80  ml  of  water,  reheated  to  boiling,  and  suction- 
filtered.  The  residue  was  transferred  to  a  flask,  100  ml  of  benzene  were  added, 
and  the  mixture  was  refluxed  for  5-10  minutes,  after  which  it  was  again  hot- 
suction-filtered.  This  treatment  was  repeated  three  times.  The  combined  ben¬ 
zene  solutions  were  cooled,  the  plnacol  crystallizing  out.  It  was  filtered 
out,  and  the  mother  liquor  was  evaporated  in  a  low  vacuum  to  a  total  volume  of 
100  ml,  after  which  50  ®^1  hot  ligroin  were  added,  and  the  whole  was  set  aside 
to  crystallize.  The  yield  of  the  pinacol  with  a  m.p.  of  123-124°  totaled  38  g* 
Recrystallization  raised  the  m.p.  to  128°,  but  this  purification  is  unnecessary 
for  its  subsequent  use.  Approximately  2  g  more  of  the  pinacol  may  be  secured 
by  fractionating  the  mother  liquor  and  crystallizing  the  fraction  with  a  b.p. 
of  100-130°  at  2  mm. 

Dehydration  of  the  pinacol.  40  grams  of  the  pinacol  with  a  m.p.  of  123- 
124°  and  200  ml  of  10^  sulfuric  acid  were  stirred  together  for  four  hours  while 
heated  on  a  boiling  water  bath.  The  oily  layer  was  separated,  and  the  aqueous 
layer  was  extracted  with  30  ml  of  benzene.  The  benzene  extract  was  combined 
with  the  oily  layer,  and  the  whole  was  desiccated  with  calcium  chloride  and 
then  distilled.  This  yielded  29  g  of  di-A’ -cyclohexenyl  (l)  with  a  b.p.  of 
95-96°  at  3  mnij  n^°  105335“  The  yield  was  89^. 

Condensation  of  di-^-cyclohexenyl  (l)  with  -eye lohexenone  (ll).  We 
found,  in  special  experiments,  that  the  reaction  was  slow  at  185*,  the  diene 
undergoing  no  change  even  when  it  was  heated  to  200°  by  Itself. 

A  mixture  of  6.1  g  of  the  dicyclohexenyl  (l)  and  3-5  g  of  cyclohexanone 
(ll)  (b.p.  66°  at  22  mmj  n^*^  1.4830)  was  heated  for  6  hours  to  200°  in  a 
sealed  ampoule  filled  with  carbon  dioxide.  Fractionation  yielded  the  follow¬ 
ing  results:  Fraction  Is  b.p.  50-55°  at  9  mn  “  O.7  gj  Fraction  II:  b.p. 

50-70°  at  1  mm  -  2.6  g;  Fraction  III:  b.p.  70-150°  at  1  mm  -  O.5  gj  Fraction 
IV:  b.p.  150-158°  at  1  mm  -  3“1  S)  a  residue  of  about  3  g* 

The  bulk  of  Fraction  II  consisted  of  the  unreacted  dicyclohexenyl.  Fraction 
rv  was  diluted  with  5  “il  of  ether.  Crystals  began  to  settle  out  after  a  few 
hours  had  passed,  their  quantity  increasing  when  the  solution  was  chilled.  This 
yielded  1.0  g  of  hexadecahydrotrlphenylen-l-one  (Vl)  with  a  m.p.  of  97-99°* 

Crystallization  from  a  small  quantity  of  petroleum  ether  yielded  beautifully 
shaped  white  crystals  of  the  ketone  (Vl)  with  a  m.p.  of  99-100°,  the  m.p.  being 
unaffected  by  further  recrystallization. 

10.95  nig  subs.;  33*52  mg  CO25  10.23  mg  H2O.  8.92  mg  subs.:  27*29 

mg  CO2?  8.38  mg  H2O.  Found  C  83*5^  83*55  H  10. 5,  10. 5.  C18H26O. 

Calc.  C  83.75  H  10.1. 

The  dinitrophenylhydrazone,  which  was  produced  with  extraordinary  ease, 
consisted  of  golden  needles  (from,  benzene)  with  a  m.p.  of  211-212°  (corr.). 

5*645  mg  subs.:  0.6l4  ml  N2  (24°,  733  nim) .  5*680  mg  subs.:  O.626  ml 

N2  (23°,  732  mm).  Found  N  12.1,  12.2.  C24H30O4N4.  Calc.  p.  N  12.8. 

When  the  mother  liquor  left  after  the  ketone  (Vl)  was  crystallized  out  was 
treated  with  dinitrophenylhydrazine,  a  dinitrophenylhydrazone  with  the  same 
melting  point  (211-212°)  settled  out. 

Clemmensen  reduction  of A®^-hexfadecahydrotriphenylen-l-one  (Vl) .  A  mix¬ 
ture  of  3*2  g  of  the  ketone  (Vl),  25  ml  of  toluene,  30  ml  of  glacial  acetic 
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acid,  25  ml  of  fuming  hydrochloric  acid,  and  10  g  of  amalgamated  zinc  In  fine 
shavings  (treated  for  an  hour  with  50  nil  of  4^  mercuric  chloride)  was  boiled 
vigorously  for  3  hours,  after  which  I5  ml  of  fuming  hydrochloric  acid  were 
added  and  boiling  was  continued  for  another  4  hours.  The  toluene  layer  was 
separated,  washed  with  10^  potassium  hydroxide  and  then  with  water,  desic¬ 
cated  with  calcium  chloride,  and  filtered,  and  the  solvent  was  driven  off  in 
vacuo.  The  viscous  residue  was  distilled,  yielding  2.1  g  ofA®®'-hexadeca- 
hydrotriphenylene  (VIl)  as  a  very  viscous  liquid  with  a  h.p.  of  l40-l45®  at 
1.5  mm,  which  crystallized  in  part.  The  crystals  had  a  m.p.  of  07-90“  after 
suction  filtering  and  recrystallization  from  petroleum  ether. 

10.24  mg  subs.?  53-02  mg  CO25  11. 07  mg  HgO.  9*59  mg  subs.:  30.07  mg 
CO25  10.32  mg  H2O.  Found  C  00.0,  07-9;  H  12.1,  12.0.  Ci8H28- 

Calc.  C  00. H  11. 5- 

Dehydrogenation  of /\®®-hexadecahydrotriphenylene  (VIl) .  2.0  grams  of 

the  hydrocarbon  synthesized  in  the  previous  experiment,  30  ml  of  anhydrous 
technical  benzene  containing  thiophene,  and  10  g  of  Raney's  nickel  washed 
with  alcohol,  ether,  and  benzene  successively,  were  heated  in  an  atmosphere  of 
nitrogen  in  a  rotating  autoclave  to  350-355°  for  7*5  hours  and  to  370-380°  for 
30  minutes.  The  solution  was  then  filtered  and  two-thirds  of  the  solvent 
driven  off.  As  the  resultant  light  bluish-green  fluorescing  solution  cooled, 
0.4  g  of  well-formed,  slightly  yellowish  crystals  of  trlphenylene  (VIIl) 
settled  outj  they  had  a  m.p.  of  194-195°  (corr.)  after  having  been  washed 
with  benzene  and  dried  in  a  desiccator.  The  mother  liquor  yielded  another 
0.2  g  of  the  same  crystals.  Crystallization  from  glacial  acetic  acid  had  no 
effect  upon  their  melting  point. 

6.551  mg  subs.:  22.670  mg  CO2;  3*120  mg  H2O.  3.975  mg  subs.;  15*795 
mg  CO25  1*995  mg  H2O.  Found  C  94.4,  94. 7j  H  5.3,  5*6.  Ci8Hi2* 

Calc.  C  94.7;  H  5*5* 

0.15  gram  of  the  trlphenylene  was  dissolved  in  5  ml  of  chloroform  and  then 
mixed  with  a  solution  of  O.I5  g  of  picric  acid  in  3  ml  of  chloroform.  The 
minute  bright-yellow  needles  of  the  picrate  were  thrown  down  at  once.  Their 
melting  point  was  222-223  (corr.)  after  washing  with  chloroform  and  drying 

(0.2  g). 

According  to  the  literature  [4j,  the  melting  point  of  trlphenylene  is 
I96-I98’,  while  that  of  its  picrate  is  223*. 

Condensation  of  the  dlcyclohexenyl  (l)  with  1-methyl-A' -cyclohexen-6-one 
(ill) .  A  mixture  of  11.2  g  of  the  methvlcyclohexenone  (III)  (b.p.  60°  at  12 
mm|  n^°  1.4020)  and  I5  g  of  the  dlcyclohexenyl  (l)  was  heated  in  an  atmos¬ 
phere  of  carbon  dioxide  within  a  sealed  ampoule  for  27  hours  at  200°.  Frac¬ 
tionation  yielded  the  following  results: 

Fraction  I:  b.p.  50-55°/8  mm  -  4.0  gj  Fraction  II:  b.p.  55“/8  mm  -  65°/ 
1.5  mm  -  1.0  gj  Fraction  III:  b.p.  65-70“/l.5  mm  -  12.0  g;  Fraction  IV5  b.p. 
70-150°/l.5  mm  -  2.0  g;  Fraction  V:  b.p.  150-155°/l*5  mm  -  2.3  g;  and  a 
residue  of  I.5  g* 

Fraction  I  consisted  of  the  unreacted  methylcyclohexenone .  The  bulk  of 
Fraction  III  consisted  of  the  unreacted  dlcyclohexenyl.  Fraction  V  was  12b- 
methyl-A®®'-hexadecahydrotriphenylen-l-one  (IX) .  Redlstlllation  of  this  frac¬ 
tion  yielded  I.5  g  of  the  substance  as  a  thick,  noncrystallizing  glycerol-like 
liquid. 

B.p.  160-163°/2  mmj  n|°  1.5440;  df°  1.064;  MRp  00.7;  Calc.  00.7. 
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12. hi  mg  subs.:  38.03  mg  COgj  11.9^  mg  H2O.  l4.8l  mg  subs.:  ^5-^7 

mg  CO2J  l4.08  mg  H2O.  Found  C  83.6,  83.8;  H  10.8,  10.6.  Ci9H2a0. 

Gael.  C  83.8,  H  10.4. 

The  dinitrophenylhydrazone  consisted  of  yellow,  readily  soluble  crystals 
(from  petroleium  ether)  with  a  m.p.  of  l62-l65°. 

3.745  mg  subs.:  0.4o4  ml  N2  (19“^  752  mm).  4.052  mg  subs.:  0.433  ml 

N2  (20°,  752  mm).  Found  N  12.5,  12.3.  C25H32O4N4.  Calc.  N  12.45. 

Condensation  of  the  dicyc lohexenyl  (l)  with  l,3-dimethyl-A^-cyclopenten-5* 
one  ( IV ) .  A  mixture  of  10.1  g  of  the  dicyc lohexenyl  (l),  21.0  g  of  the  dimethyl- 
cyclopentenone  (IV),  and  0.01  g  of  pyrogallol  was  heated  to  190-195°  6  hours 

in  an  atmosphere  of  carbon  dioxide  within  a  sealed  ampoule.  Fractionation  yielded 
the  following  results:  Fraction  I:  b.p.  65“/24.mm  -  I6.5  g?  Fraction  II:  b.p. 
65-82°/2  mm  -  4.0  gj  Fraction  III:  b.p.  82-100°/2  mm  -  I.5  g;  Fraction  IV: 
b.p.  100-150°/2  mm  -  0.7  g|  Fraction  V:  b.p.  150-153°/2  mm  -  6.5  gj  and  a 
residue  of  O.5  g. 

Fraction  I  consisted  chiefly  of  the  initial  dimethylcyclopentenone.  Frac¬ 
tions  II  and  III  consisted,  for  the  most  part,  of  the  dicyc lohexenyl.  Fraction 
V  was  a  mixture  of  the  stereo  isomers  of  3^8-dlmethyl-A^-dodecahydro-4,5^6,7- 
dibenzindan-l-one  (X  and  Xl),  which  gradually  crystallized.  Successive  crystal¬ 
lizations  from  ether  and  petroleum  ether  yielded  the  high-melting  a-isomer  (2.0  g), 
with  a  m.p.  of  102-103°,  and  the  low-melting  3-isomer  (0.4  g) ,  with  a  m.p.  of 

72-73°.  We  also  secured  2.1  g  of  crystals  with  a  broad  melting  point  (62-70°), 
which  consisted  of  the  contaminated  3-isomer.  The  mixed  melting  point  of 
the  alpha  and  beta  stereo  isomers  was  59-86°. 

The  alpha  isomer  crystallized  as  large  white  crystals  (from  ether)  with  a 
m.p.  of  102-103°.  It  is  freely  soluble  in  ether  and  benzene,  less  so  in  petro¬ 
leum  ether  and  in  80^  alcohol. 

5.100  mg  subs.:  15.695  mg  CO25  4.705  mg  H2O.  7.620  mg  subs.:  23.495 

mg  C02J  7.045  mg  H2O.  Found  C  84.0,  84. 1|  H  10. 3,  10. 3.  C19H28O. 

Calc.  io%  C  83.8;  H  10.4. 

The  dinitrophenylhydrazone  was  readily  produced  by  boiling  alcoholic  solu¬ 
tions  of  the  components  with  a  small  quantity  of  hydrochloric  acid  for  5  minutes. 

The  yellow  crystals  (from  benzene)  had  m.p. ' (decomp. )  246-247°  (corrected), 

4.204  mg  substance:  0,465  ml  N2  (23°,  758  mm).  3.000  mg  substance:  0.330 
ml  N2  (23®,  738  mm).  Found  N  12.4,  12.3.  C25H32O4N4.  Calculated  N  12.45, 

The  3-isomer  consisted  of  small  Irregular  prisms.  It  is  freely  soluble  in 
ether,  petroleum  ether,  and  other  solvents. 

^-.700  mg  substance;  14.470  mg  CO2J  4.345  mg  H2O.  6.O3O  mg  substance:  ^  18.545 
mg  C02>  5.525  mg  H2O.  Found’^;  C  84.0,  83:95  H  10.3.  1013.  C19H28O0  Calculated 
C83.8;H10.4. 

The  dinitrophenylhydrazone  was  produced  by  boiling  solutions  of  the  com¬ 
ponents  with  a  small  amount  of  hydrochloric  acid  for  two  hours.  Beautifully 
formed  yellow  crystals  (from  benzene  or  alcohol)  with  a  m.p.  of  207-208“  (corr.). 
Its  mixed  melting  point  with  the  nitrophenylhydrazone  of  the  alpha  isomer  was 

205-214°. 

3.615  mg  substance.  0.4o8  ml  N2  (22®,  753  mm),  4.090  mg  substance:  0,464  ml 
N2  (23°,  752  mm).  Found  N  12.9,  13.O.  C25H3204N4-.  Calculated  N  12.45. 

Condensation  of  the  dicyc lohexenyl  (l)  with  1,3-dimethyl-A’ -eye lopentene-4 ,5- 
dione  (v)'.  a)  Admixture  of  5*6  g  of  the  dicyc  lohexenyl  ( I) ,  4.3  g  of  the  dlmethyl- 
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cyclopentenedione  (v),  and  10  ml  of  anhydrous  benzene  was  heated  on  a  boil¬ 
ing  water  bath  for  six  hours  in  an  atmosphere  of  carbon  dioxide  within  a 
sealed  ampoule «  The  benzene  solution  was  poured  into  8  ml  of  alcohol  while 
still  hotc  Several  hours  later  12::®  precipitated  crystals  of  the  diketone 
(XII)  were  suction  filtered  and  washed  with  cold  alcohol.  The  yellow  cry¬ 
stals  weighed  4.9  g.  Another  1.25  g  of  large,  well-formed  crystals  were 
recovered  from  the  mother  liquor.  The  yield  of  the  diketone  (XIl),  with  a 
m.p.  of  126-129°,  totalled  6.I5  g,  or  62^  of  the  theoretical.  Crystallization 
from  alcohol  yielded  a  wholly  pure  product  (5  g) ,  with  the  constant  melting 
point  of  150-131°.  The  diketone  is  freely  soluble  in  dioxane,  benzene,  and 
ethyl  acetate,  less  so  in  alcohol,  ether,  and  acetic  acid,  and  even  less  so 
in  petroleum  ether,  while  it  is  insoluble  in  water. 

7»160  mg  subs.s  20.850  mg  CO2I  5*800  mg  H2O.  5*280  mg  subs.j 
15.380  mg  CO2;  4.405  mg  H2O.  Found  C  79*5,  79*5|  H  9*1,  9*3* 

Ci9H2602*  Calculated  C  79*75  H  9*15* 

In  some  of  the  runs  we  succeeded  in  isolating  minute  quantities  of  the 
keto-enol  ^XIIl)  from  the  mother  liquor  as  white  crystals  with  a  m.p.  of 
148-150°. 

The  condensation  may  also  be  carried  out  without  using  sealed  ampoules, 
but  then  the  flask  must  be  fitted  with  a  reflux  condenser,  and  toluene  sub¬ 
stituted  for  the  benzene.  This  does  not  affect  the  yield. 

The  diketone  does  not  give  a  color  reaction  with  ferric  chloride  nor  does 
it  evolve  methane  when  reacted  with  methylmagnesium  iodide. 

bj  A  mixture  of  1.8  g  of  the  dicyclohexenyl  (l),  1.4  g  of  the  dimethyl- 
cyclopentenedione  (V),  and  5  nil  of  benzene  was  heated  to  120°  for  4.5  hours 
in  an  atmosphere  of  carbon  dioxide  within  a  sealed  ampoule.  The  benzene  was 
then  driven  off  in  vacuo,  and  the  remaining  viscous  yellow  liquid  crystallized 
partially  by  the  next  day.  The  crystals  were  suction-filtered  and  washed  with 
petroleum  ether,  yielding  0.3  g  of  white  crystals  of  the  keto-enol  (XIIl),  with 
a  m.p. cf  149-151**  We  managed  to  secure  0.1  g  of  the  yellow  crystals  of  the 
diketone  (XIl)  from  the  mother  liquor  their  melting  point  being  125-127°  after 
recrystallization  from  alcohol,  and  their  mixed  melting  point  with  the  diketone 
prepared  in  the  preceding  test  exhibited  no  depression. 

Condensation  of  the  diketone  (XIl)  with  o-phenylenediamine.  a  solution 
of  0.3  g  of  the  diketone  (XIl)  and  0.1  g  of  o-phenylenediamine  in  12  ml  of 
glacial  acetic  acid  was  boiled  for  10  minutes.  As  the  dark-red  solution  cooled, 
white  crystals  of  the  quinoxaline  (XIV)  settled  out.  They  were  suction  filtered, 
washed  with  acetic  acid,  and  dried  in  a  desiccator.  This  yielded  0.2  g  of  a 
product  with  a  m.p.  of  185-186°  (corr.),  the  m.p.  being  unaffected  by  further 
crystallization. 

5.895  mg  subs.s  0.408  ml  N2  (24°,  746  mm).  4.900  mg  subs.:  0.33® 

ml  N2  (22°,  744  mm).  Found  N  7*8l,  7*8l.  C25H30N2*  Calc. 

N  7.82. 

Isomerization  of  the  diketone  (XIl)  to  the  keto-enol  (XIIl) .  a)  As  effected 
by  temperature.  A  solution  of  O.5  g  of  the  diketone (XIl) in  10  ml  of  benzene 
was  heated  to  I25*  for  7  hours  in  an  atmosphere  of  carbon  dioxide  within  a  sealed 
ampoule.  The  benzene  was  then  driven  off  in  vacuo,  and  the  residue  was  dissolved 
in  6  ml  of  hot  alcohol.  As  the  solution  cooled,  beautifully  formed  white  cry¬ 
stals  of  the  keto-enol  (XIIl)  settled  out.  The  yield  was  0.25  g  of  a  product 
with  a  m.p.  of  150-151°,  which  was  unaffected  by  further  crystallization.  Iso¬ 
merization  was  incomplete,  apparently,  since  the  color  of  the  mother  liquor  was  • 
yellow. 
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The  keto-enol  (XIIl)  consisted  of  yellow  needles  (from  alcohol)  with  a 
ffiop.  of  I5O-I5I®.  It  is  much  less  soluble  in  organic  solvents  than  the 
diketone,  and  insoluble  in  water  or  aqueous  alkalies.  Its  alcoholic  solu¬ 
tion  colors  ferric  chloride  violet. 

5.710  mg  subs.j  16.700  mg  CO2;  k.665  mg  H2O.  5-650  niS  subs.i  16.510 
mg  CO25  4.655  nig  H2O.  0.0730  g  subs.s  5*50  ml  CH4  (l5“^  7^0  mm)  in 
the  Tserevitinov  test.  Found  C  79. Q,  79*7;  H  9.1^  9-25  OH  5*40. 
Ci9H250(0H).  Calc.f.;  C  79-75  H  9.15;  OH  5-92. 

b)  As  effected  by  an  alkali.  2  ml  of  10^  potassium  hydroxide  were  added 
to  a  solution  of  O.5  g  of  the  diketone  (XIl)  in  8  ml  of  dioxane,  and  the  solu¬ 
tion  was  agitated  for  5  minutes.  The  yellow  solution  turned  faintly  greenish. 
The  solution  was  chilled  and  neutralized  with  hydrochloric  acid  (l:l),  the  solu 
tion  becoming  colorless  and  white  crystals  beginning  to  settle  out.  When  3  ml 
of  water  were  added  and  the  whole  shaken  up,  the  whole  solution  became  filled 
with  crystals.  They  were  filtered  out,  washed  with  water  and  then  with  alcohol 
and  dried  in  a  desiccator.  The  yield  was  0.45  g  of  the  product  (XIIl) ,  with  a 
m.p.  of  149-151*.  Its  mixed  melting  point  with  the  keto-enol  prepared  in  the 
previous  experiment  exhibited  no  depression. 

c)  As  effected  by  piperidine.  3  to  4  drops  of  piperidine  were  added  to 
a  solution  of  2.3  g  of  the  diketone  (XIl)  in  I5  ml  of  anhydrous  dioxane,  and 
the  mixture  was  allowed  to  stand  for  2  hours,  the  yellow  solution  turning 
greenish.  Then  12-15  ml  of  water  were  added,  plus  enough  alcohol  to  make 
the  emulsion  disappear  (5-10  ml).  After  some  minutes  had  passed,  the 
beautifully  formed  crystals  of  the  keto-enol  (XIIl)  began  to  settle  out. 

Three  hours  later  they  were  filtered  out  and  washed  with  alcohol  and  ether. 

This  yielded  2.0  g  of  crystals  with  a  m.p.  of  I5O-I5I*.  Their  mixed  melting 
point  with  the  keto-enol  produced  in  the  preceding  experiment  exhibited  no 
depression. 

Acetylation  of  the  keto-enol  (XIIl) .  2.1  grams  of  the  keto-enol  (XIIl) 

were  heated  in  10  ml  of  acetic  anhydride  until  they  dissolved,  the  solution  was 
allowed  to  cool,  2  ml  of  anhydrous  pyridine  were  added,  and  the  whole  was  set 
aside  to  stand  overnight.  The  next  day  it  was  poured  into  60  ml  of  water 
and  the  separated  oil  was  washed  repeatedly  by  decantation.  When  the  oil  was 
rubber  under  water  it  crystallized.  Crystallization  from  10  ml  of  75'5^  alcohol 
yielded  1.4  g  of  the  acetate  (XV)  as  large  crystals  with  a  m.p.  of  64-^*. 

5.574  mg  subs.j  15.612  mg  CO2;  4.586  mg  H2O.  5*421  mg  subs.s 
15.174  mg  CO2;  4.520  mg  H2O.  Found  p.  C  76.4,  76.4?  H  9.2,  9.3. 
C21H28O3.  Calc.  C  76.81  H  8.6. 

Saponification  with  an  alcoholic  solution  of  sodium  hydroxide  in  the  cold 
yielded  the  intial  keto-enol  (XIIl) . 

Hydrogenation  of  the  keto-enol  (XIIl) .  The  keto-enol  (XIIl)  cannot  be 
hydrogenated  in  the  cold,  whether  with  a  Pd  catalyst,  an  Adams  Pt  catalyst, 
or  platinized  charcoal  in  the  presence  of  H2PtCl6.  Nor  can  the  keto-enol 
be  hydrogenated  with  Raney's  nickel  in  an  autoclave  at  80  atm  of  hydrogen, 
even  at  80*,  as  is  readily  disclosed  by  the  color  reaction  with  ferric 
chloride.  Only  by  raising  the  temperature  to  120*  can  the  desired  result 
be  achieved. 

1.5  grams  of  the  keto-enol  (XIIl)  in  20  ml  of  alcohol  were  hydrogenated 
in  a  revolving  autoclave  at  120*  and  a  hydrogen  pressure  of  90  sitm  for  5  hours 
in>  the  presence  of  Raney's  nickel.  The  solution  then  did  not  color  ferric 
chloride.  After  it  had  been  filtered  and  the  solvent  had  been  driven  off  in 
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vacuo,  there  was  left  behind  a  thick  mass,  which  crystallized  when  5  ml  of 
petroleum  ether  were  added,  the  solution  chilled,  and  the  chilled  solution 
rubbed  with  a  rodo  The  crystals  were  suction  filtered  and  washed  with 
petroleum  ether.  Recrystallization  from  methanol  yielded  0.2  g  of  the 
glycol  (XXITl)  with  a  m.p.  of  I5O-I5I*,  which  was  not  affected  by  further 
recrystallization. 

3.9^5  mg  subsos  llo390  mg  CO25  3»625  mg  H2O.  3c366  mg  subs.?  9«372 
mg  CO2;  3.125  mg  H2O.  0.0812  g  subs.?  13o20  ml  CH4  (20*,  7^0  mm)  in 
a  Tserevitinov  test.  Found  C  78-8^  78.95  H  10.4,  10.4;  OH  11.2 
C19H30O2.  Calc.  C  78.65  H  10.4;  OH  11. 7. 

The  glycol  (XXIIl)  does  not  give  a  color  reaction  with  ferric  chloride. 
Its  mixed  melting  point  with  the  initial  keto-enol  was  125-132“. 

Nor  could  the  acetate  of  the  keto-enol  (XIIl)  be  hydrogenated  with  Pt, 

Pd,  or  Raney's  nickel  in  an  autoclave  at  100“. 

-'v Irogenation  of  the  diketone  (XIl).  6.0  grams  of  the  diketone  (XIl) 
in  80  ml  of  anhydrous  dioxane  were  hydrogenated  with  Pt  by  the  Adams  method. 
Hydrogenation  was  complete  two  hoirrs  later,  470  ml  of  hydrogen  at  l8“  and 
760  mm  ha'^^ing  been  absorbed  as  against  5OO  ml  called  for  theoretically.  Then 
the  solution  was  evaporated  at  40-50“  in  vacuo  to  a  total  volume  of  I5  ml, 

5  ml  of  acetone  were  added,  and  the  whole  was  set  aside  to  stand  overnight. 

The  precipitated  finely  crystalline  powder  of  the  ketol  (XVl)  was  suction- 
filtered  and  washed  with  acetone  and  with  cold  alcohol.  This  yielded  4.3  g 
of  a  product  with  a  m.p.  of  155-159*.  The  mother  liquor  was  evaporated  in 
vacuo  tc  a  thick  consistency,  5  ml  of  alcohol  were  added,  and  it  was  set  aside 
to  crys+allize.  The  next  day  the  crystals  were  suction-filtered  and  washed 
with  cold  alcohol.  This  yielded  another  0.4  g  of  crysteils  with  a  m.p.  of 
150-158*^  'Tie  mother  liquor  was  evaporated  in  vacuo  until  a  large  quantity 
of  crys‘*'als  settled  out,  which  were  recrystallized  from  5  ml  of  70^  alcohol. 
Al.owlr.^  them  to  stand  in  a  freezing  mixture  (-12*)  yielded  0.6  g  of  the 
ketol  ^X/Il)  with  a  m.p.  of  117-118*.  Another  0.4  g  of  the  ketol  (X'"Tl), 
with  a  .m  p.  of  114-117",  was  recovered  from  the  mother  liquor. 

A^ter  the  ketol  (XVI)  had  been  recrystallized  from  acetone  or  alcohol, 
it  had  a  melting  point  of  159-162“ ,  with  apparent  decomposition.  Its  melt¬ 
ing  point  was  higher  when  heating  was  rapid,  though  the  melting  point  was 
Just  as  broad.  Crystallization  did  not  produce  a  sharp  melting  point.  'The 
ketol  did  not  produce  a  color  reaction  with  ferric  chloride. 

055  m.g  subs.?  20.485  mg  CO25  6.245  mg  H2O.  7«832  mg  subs.?  22  135 
mg  COp,  6.615  mg  H2O.  0.0566  g  subs.?  8.7O  ml  CH4  (20®,  723  mm). 

0,0996  g  subs  ?  14.85  ml  CH4  (20* ,  723  mm).  Found  C  79-2,  79-2} 
a  9.9,  OH  10.3,  10.6.  Ci9H270(0H).  Calc.  C  79ol-  H  9.8; 

OH  5-90 

Hie  dinltrophenylhydrazone  was  produced  by  boiling  alcoholic  solutions 
of  the  ..cmjporents  with  a  small  amount  of  hydrochloric  acid  for  three  hours. 

The  yield  was  about  Ruby-red  crystals  (from  alcohol)  with  a  m.p.  of 

193-194*. 

3  840  mg  subs.;  0.404  ml  N2  (24“,  748  mm).  4,025  mg  subs.?  0.421 
ml  Np  (24",  746  mm).  Found  N  11.9,  11.8.  C25H32O5N4.  Calc.  ^? 

N  12.0. 

After  the  ketol  (XVIl)  had  been  recrystallized  from  70^  alcohol,  its 
m.p.  was  117-118*.  It  did  not  exhibit  a  color  reaction  with  ferric  chloride. 
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10.52  mg  subs.:  30. 65  mg  CO25  9«^3  mg  H2O.  11.37  mg  subs.;  32.89 

mg  CO25  10.20  mg  H2O.  0.0972  g  subs.;  14.75  ml  CH4  (20“,  740  mm). 

0.1176  g  subs.;  17.80  ml  CH4  (20®,  740  mm)  in  the  Tserevitinov  test. 

Found  C  79. 5^  78. 9j  H  10.0,  10, O5  OH  10.45,  10. 45.  CigH270(0H). 

Calc.  C  79cl?  H  9.8;  OH  5-90. 

The  dinitrophenylhydrazone,  prepared  as  described  above,  had  a  m.p.  of 
187-191®,  and  its  mixed  melting  point  with  the  dinitrophenylhydrazone  of  the 
ketol  (XVl)  exhibited  no  depression,  J 

Isomerization  of  the  ketol  (XVIl).  a)  100  milligrams  of  the  ketol  ^ 

(XVIl)  with  a  m.p.  of  115-117®  were  dissolved  in  2  ml  of  methanol,  and  O.3  i 

ml  of  concentrated  hydrochloric  acid  was  added.  The  mixture  was  heated  to  ^ 

60®  for  two  minutes.  As  it  cooled,  well-formed  crystals  (40  mg)  with  a  j 

m.p.  of  152-156®  settled  out.  Their  mixed  melting  point  with  the  ketol 

(X\^l)  was  153-157".  I 

b)  120  milligrams  of  the  ketol  (XVIl)  were  dissolved  in  3  ml  of  methanol, 

0.5  ml  of  a  50^  solution  of  sodium  methylate  was  added,  and  the  whole  was 
allowed  to  stand  overnight  in  a  current  of  nitrogen.  The  next  day  it  was 
neutralized,  by  the  litmus  paper  test,  with  10^  hydrochloric  acid,  and  1,5 

ml  of  water  were  added.  After  the  mixture  had  stood  for  two  hours,  the  i 

finely  crystalline  precipitate  was  suction-filtered  and  washed  with  water  ) 

and  with  alcohol.  Because  of  its  low  melting  point  ( 145-152®)  it  was  crys¬ 
tallized  from  acetone.  This  yielded  80  mg  of  crystals  with  a  m.p,  of  155-159" > 
which  exhibited  no  depression  when  mixed  with  the  ketol  (XVl) , 

Treating  the  acetate  (XIX)  with  hydrochloric  acid  in  methanol  did  not 
yield  the  expected  isomeric  acetate  (XVIIl),  the  bulk  of  the  product  consisting 
of  the  original  acetate  plus  a  small  quantity  of  the  ketol  (XVl),  produced  by  ) 

saponification  of  the  acetate  followed  by  isomerization  in  the  acid  medium.  \ 

Sodium  methylate  also  saponifies  the  acetate  (XIX) ,  followed  by  Isomerization 
of  the  ketol  (r/Il)  to  the  ketol  (XVl) , 

Acetylation  of  the  ketol  (XVl)  was  carried  out  as  for  the  keto-enol  (XITl) . 

4.3  grams  of  the  ketol  yielded  3*7  g  of  the  acetate  (XVIIl)  as  large  cry-  • 

stals  with  a  m.p,  of  124-124,5*.  It  does  not  color  ferric  chloride.  I 

11.05  mg  subs.;  31.02  mg  COgj  9.12  mg  H2O,  0.1288  g  subs.;  9.25  ml 

CH4  (20*,  740  mm)  in  the  Tserevitinov  test.  Found  C  76,65  H9»25 

OH  5.0,  C2iH2902(0H) .  Calc.  C76.35  H  9.25  OH  5.15. 

Sa;-onlfication  of  the  acetate  (XVIIl).  2.5  grams  of  the  acetate  (XVIII)  | 

were  dissolved  in  30  ml  of  warm  alcohol,  3  ml  of  40^  potassium  hydroxide  were  j 

added,  and  the  mixture  was  allowed  to  stand  for  three  hours,  afte^  which  it  t 

was  neutralized  and  set  aside  to  stand  overnight.  The  next  day  the  precipitate  j 

was  suction-filtered  and  washed  with  alcohol,  with  water,  and  again  with  alco-  \ 

hoi.  Tnis  yielded  0.45  g  of  a  crystalline  white  powder  with  a  m.p.  of  157-l6l®,  | 

whose  mixed  melting  point  with  the  initial  ketol  (XVl)  exhibited  no  depression.  ) 

The  mother  liquor  yielded  O.5  g  of  a  substance  with  a  melting  point  of  approxi-  ^ 

mately  200®,  which  was  soluble  in  alkalies  and  was  the  dicarboxylic  acid  (XXl) . 

Purifying  the  alkaline  solution  by  reprecipitation  and  recrystallizing  the 
precipitate  from  acetic  acid  yielded  white  crystals  with  a  m.p.  of  199-201* 

(corr.),  though  softening  set  in  at  195-196*. 

8.18  mg  subs.;  21, 16  mg  CO25  6.3I  mg  HgO,  8.07  mg  subs,:  20.99  mg 

CO25  6,32  mg  H2O.  40.0  mg  subs.;  2.67  ml  0.1  N  KOH.  Found  C  70. 6, 

71. O5  H  8.7,  8.8.  M  304.  Ci9H2804.  Calc,  p.  C  71.2;  H  8.75.  M  320. 
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Acetylation  of  the  ketol  (XVIl) O.5  gram  of  the  ketol  (XVIl)  was 
acetylated  by  the  same  procedure  employed  for  the  keto-enol  (XIIl).-  When 
the  acetate ;  which  settled  out  as  an  oil,  was  triturated  with  aqueous  methanol, 
it  quickly  crystallizedo  Crystallization  from  methanol  yielded  O.3  g  of  the 
acetate  (XIX)  with  a  m-p..  of  108-109“ .  It  did  not  color  ferric  chloride. 

5o57^  mg  subs.s  15.612  mg  CO2;  4. 586  mg  H2O.  5»^21  mg  subs.s  15.17^ 

mg  CO25  4.520  mg  H2O.  0.1050  g  subs.s  7-50  ml  CH4  (20°,  740  mm)  in 

the  Tserevitinov  test.  Found  ^s  C  76. 5^  76.4)  H  9*2,  9.3j  OH  '^.0. 

C2iH2902(0H)  .  Calc.  C  76.35  H  9.25  OH5.I5. 

Oxidation  of  the  ketol  (XVI)  to  the  dicarboxylic  acid  (XXl) .  5-6  grams 

of  the  ketol  '^XVI)  were  dissolved  in  100  ml  of  hot  alcohol,  10  ml  of  20^  potas¬ 
sium  hydroxide  were  added,  and  the  whole  was  set  aside  to  stand  overnight.  The 
next  day  air  was  blown  through  the  solution  for  4  hours.  50  ml  of  water  were 
added,  and  then  the  transparent,  light-green  solution  was  evaporated  in  vacuo 
to  60  ml.  The  0  3  g  of  yellow  precipitate  was  filtered  out,  and  the  filtrate 
extra..tei  three  times  with  ether  (using  a  total  of  100  ml).  The  ether  extract 
yielded  0.2  g  of  the  Initial  ketol  (XVl) .  The  aqueous  solution  was  chilled 
and  tnen  acidified  with  hydrochloric  acid  until  its  reaction  with  Congo  red 
was  acid.  The  resultant  white  floes  conglomerated  at  first  into  a  soft  cake, 
but  turned  into  a  solid  powder  upon  standing  and  rubbing.  The  powder  was  suc¬ 
tion-filtered,  washed  with  water,  and  air-dried,  yielding  3»1  g  of  the  acid 
(XXl)  as  m-inute  crystals  with  a  m.p.  of  200-205*  (corr.).  The  mother  liquor 
yielded,  in  addition  to  the  acid,  0.4  g  of  the  acid’s  anhydride  (XXIl)  as 
prisms  with  a  m  p„  of  99-100"* 

C onversion  of  the  dicarboxylic  acid  (XXl)  into  its  anhydride  (XXII. .  0,5 

grams  of  the  acid  XXl)  was  heated  in  3-4  ml  of  acetic  anhydride  on  a  water 
bath  -^cr  10  minutes.  The  acetic  anhydride  was  driven  off  in  vacuo  on  a  water 
bath,  2  ml  of  ether  were  added  to  the  residue,  and  the  whole  was  chilled.  This 
yielded  0  15  g  of  crystals  of  the  anhydride  (XXIl)  with  a  m.p.  of  96-98"  ■>  The 
annydride  s  melting  point  rose  to  99-100*  after  crystallization  from  ether. 

3  74-90  mg  subs.s  9  7715  mg  CO25  2.770  mg  H2O.  4.680  mg  subs.s  13.044 

mg  CO25  5  699  mg  H2O.  Found  C  76. 0,  76. 05  H  8.9^  8.8.  Ci9H260.3. 

Calc  C  75-55  H  8. To 

Wren  "^he  anhydride  was  boiled  with  O.i  N  KOH,  it  was  completely  saponi¬ 
fied  within  three  ho..rs 

)  5  n-g  subs  s  7.72  ml  0.1  N  KOH.  M  found  2965  calculated  302. 

Ox 1  da t ion  of  the  ketol  (XVIl)  to  the  dicarboxylic  acid  (XXl) .  0 . 3  grams 

of  the  ketol  X7TI '  with  a  m.p.  of  116-117°  was  dissolved  in  3  ml  of  alcohol, 

1  ml  of  2t%  potassium  hydroxide  was  added,  and  the  mixture  was  allowed  to  stand 
for  ■^wc  days.  Then  it  was  filtered,  the  filtrate  being  evaporated  in  vacuo, 
diluted  with  10  mi  of  water,  and- extracted  three  times  with  ether  (using  a  total 
of  30  ml'  The  aqueous  solution  was  acidulated  in  the  cold  until  its  reaction 
with  Cou^^o  red  was  acid.  White  floes  settled  out,  which  soon  conglomerated 
into  a  1  ,m.p  When  the  lump  was  rubbed  it  turned  into  a  white  powder  (0.2  g) 
wl+h  a  m,  ,p.  of  198-200*.  Crystallization  from  5  nil  of  90^  acetic  acid  yielded 
0.1  g  of  the  dicarboxylic  acid  (XXl)  with  a  m.p.  of  199-5-201.5° »  Its  mixed 
melting  point  with  the  dicarboxylic  acid  secured  in  the  previous  test  exhibited 
no  depression. 

Reduction  of  a-tetralone  to  the  plnacol  (XXIV) .  A  mixture  of  10  g  of  a- 
tetraione  fb.p.  l40-l43*/21  mm),  7-5  g  of  absolute  alcohol,  50  ml  of  absolute 
benzene,  4  g  of  metallic  aluminum  in  granular  form,  and  0.3  g  of  mercuric 
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chloride  were  heated  to  60-65°  foi*  4  hours  and  to  80°  for  I.5  hours.  The  re¬ 
action  set  in  5  to  10  minutes  after  heating  was  begun,  the  dark-gray  reaction 
mass  turning  very  thick  toward  the  end  of  the  reaction.  30  ml  of  absolute 
alcohol  was  then  added,  and  heating  at  80°  was  continued  for  another  4  hours. 

The  reaction  mass  was  chilled  and*  then  decomposed  with  ^00  ml  of  8^  hydrochloric 
acid,  the  upper  layer  being  removed,  and  the  aqueous  layer  extracted  twice  with 
benzene.  The  benzene  was  driven  off  at  a  low  vacuum,  part  of  the  residue  cry¬ 
stallizing.  The  crystals  were  suction-filtered  and  washed  with  cold  benzene. 
This  yielded  4.8  g  of  the  pinacol  (XXIV)  with  a  m.p.  of  175-178°-  Double  re¬ 
crystallization  from  hot  benzene  yielded  a  product  with  the  constant  melting 
point  of  178-179°. 

4.520  mg  subs.:  13-579  mg  CO2;  3-080  mg  HgO.  4.582  mg  subs.: 

13-773  mg  substance:  3-l40  mg  H2O.  Found  C  82.0,  82. 05  H  7-t>,  7-7- 
C2oH22  2-  Calc.  C  8I.6;  H  7-5- 

Dehydration  of  the  pinacol  ( XXIV )  to  3 14 ,3 * >4* -tetrahydro-l,l‘ -binaphthyl 
(XXVj .  2’  grams ‘ of  the  pinacol’ (XXIV)  were  refluxed  for  two  hours  in  10  ml  of 

glacial  acetic  acid.  Upon  cooling  1.53  g  of  crystals  of  the  hydrocarbon  (XXV) 
with  a  m.p.  of  138-139°  settled  out. 

5.530  mg  subs.:  18.805  mg  CO2J  3-435  mg  H2O.  4.470  mg  subs.:  15-245 
mg  CO2;  2.855  mg  H2O.  Found  C  92.8,  92-9;  H  6.95/  6.97-  C20H18- 

Calc.  C  95-03;  H  6.97. 


Condensation  of  3,4,3' ,4*-tetrahydro-l,l'-blnaphthyl  (XXV)  with  maleic 


methyl- A'  -cyclopentene-4,5-dione  (V) .  0.4  gram  of  the  hylocarbon  (XXV)  and 

0.18  g  of  the  dione  (v)  were  placed  in  6  ml  of  benzene  and  heated  for  6  hours 
to  120°  in  a  nitrogen  atmosphere  within  a  sealed  ampoule.  This  yielded  0.33  g 
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of  the  initial  hydrocarhono  Even  raising  the  temperature  to  200®’ failed  to  yield 
positive  results,  about  70^  of  the  initial  hydrocarbon  being  recovered., 

Reduction  of  6-methoxvtetralone-lc  A  mixture  of  ^0  g  of  6-methoxytetralone, 
with  a  m.pc  of  77-78®,  300  ml  of  absolute  alcohol,  170  ml  of  absolute  benzene,  l6  g 
of  metallic  aluminum  in  granular  form,  and  1.2  g  of  mercuric  chloride  was  heated  to 
40-^3®  for  3.5  hours.  The  reaction  set  in  at  25-30®,  the  mass  thickening 
considerably  toward  the  end  of  the  reaction.  Then  I50  ml  of  absolute  alcohol 
were  added,  and  heating  was  continued  for  another  8  hours  at  45-50".  The  reaction 
mass  was  then  chilled  and  decomposed  with  8^  hydrochloric  acid,  the  upper  layer 
being  removed,  and  the  aqueous  layer  twice  extracted  with  benzene.  The  benzene 
was  driven  off  at  a  low  vacuum.  The  dark-brown  mass  was  diluted  with  twice  its 
volume  of  ether,  a  crystalline  precipitate  of  12.5  g,  with  a  m.p.  of  125-132* 
being  thrown  down.  Crystallization  from  dioxane  yielded  5.0  g  of  a  product  with 
a  m.p.  of  140-145* . 

13.54  mg  substances  35.85  mg  CO25  9.52  mg  HgO.  9*73  mg  substances 
25.80  mg  CO25  8,71  mg  HeO.  0.0557  g  substances  1,60  ml  CH4  (18®,  740  mm). 

0.0378  g  substance”  1.20  ml  CH4  (18®,  740  mm)  in  the  Tserevltinov  test. 

Found  C  72.1,  72.45  H  7.85,  7.75  OE  2.03,  2.22,  C22H2402(0H)2.  Calculated  ^s 
C  74  65  H  7.35  OH  9.65. 

When  l.Ogof  the  substance  was  boiled  for  5  minutes  in  10  ml.  of  acetic  acid 
and  the  acid  then  driven  off  in  vacuo  at  60*,  we  secured  a  viscous  liquid.  A 
small  amount  of  crystals  with  a  m.p,  of  60-70*  settled  out  when  the  liquid  stood 
for  a  day.  The  compound  (XXVIII)  should  have  a  melting  point  of  148*  according 
to  the  literature  [12], 

SUMMARY 

1.  Di-^-cyclohexenyl  (I)  has  been  condensed  with  the  following  cyclic  ketoness 
Zi-cyclohenxenone  (11)5  1-methyl- A'-cyclohexen-6-one  (111)5  and  1,3-dimethyl- A - 
cyclopenten-5-one  (17)5  "the  respective  tetracyclic  ketones  (VI,  IX,  X,  and  XI) 
have  been  produced  with  yields  ranging  up  to  30^,  Condensing  di- A'-cyclohexenyl 

(I)  with  1,3-dimethyl- a' -cyclopenten-5-one  (IV)  yielded  the  two  theoretically 
possible  stereo  isomers,  (X)  and  (XI). 

2.  Condensing  the  dicyclohexenyl  (I)  with  1,3-dlmethyl- A'-cyclopenten-4,5-dione 
(V)  at  100'  has  yielded  the  tetracyclic  diketone  (XII),  while  condensation  at  120* 
yielded  the  tetracyclic  keto-enol  (XIII).  The  diketone  (XII)  has  been  smoothly 
isomerized  to  the  keto-enol  (XIIl)  under  the  action  of  temperature  (120*),  as  well 

as  of  organic  and  inorganic  bases. 

3.  It  has  been  shown  that  hydrogenating  the  diketone  (XII)  yields  a  mixture 
of  Isomeric  ketols,  (XVI  and  XVII),  which  are  readily  oxidized  by  atmospheric 
oxygen  in  an  alkaline  medium  to  the  same  tricyclic  dicarboxylic  acid  (XXI).  When 
the  ketol  (XVII)  is  reacted  with  hydrochloric  acid  or  sodium  methylate,  it  is 
isomerized  to  the  ketol  (XVI).  The  keto-enol  (XIII)  is  hydrogenated  only  at  110* 
under  pressure,  the  ketonic  group  being  hydrogenated  as  well  as  the  double  bond  in 
the  f Ive-membered  ring.  In  no  instance  of  hydrogenation  is  a  double  bond  in  a  six- 
member  ed  ring  of  the  condensed  system  affected. 

4.  3,4,3%  4 » -Tetrahydr 0-1,  1 ’ -blnaphthyl  (XXV)  has  been  condensed  with 
maleic  anhydride,  yielding  the  normal  diene-synthesis  product  (XXX).  The 
hydrocarbon  (XX'/)  does  not  condense  with  1,3-dimethyl- A' -eye lopenten-5-one  (IV) 
or  1,3-dimethyl- a' -cyclopentene-4,5-dione  (V),  even  at  200-230®. 

5.  The  reduction  of  the  following  ketones  to  pinacols  by  using  aluminum 

and  magnesium  has  been  tested^  6-methoxytetralone-l5  0(.-tetralone5  and  9-ffl^'thyl-  A®- 
octalone-1.  The  first  of  these  ketones  yields  a  mixture  of  products  that  contains 
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very  little  of  a  pinacol,  while  the  other  two  cannot  be  reduced  to  the  respective 
pinacols  at  all. 
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ISOMEEIZATION  OF  THE  DISACCHARIDES 


II.  ISOMERIZATION  OF  GALACTOSIDO-3-GLUCOSE 
A. Mo  Gakhokidze  and  E.G.  Kobiashvili 


In  a  previous  report^  one  of  the  present  authors  has  shown  [1]  that  acetylated 
glucosido-5-glucose  dissolved  in  chloroform  is  converted  by  askanite  into  acetylated 
glucosldo-3-niannose,  which  is  epimeric  with  the  original  disaccharide. 

The  present  paper  describes  similar  experiments  performed  on  galactosido-3- 
glucose.  When  galactosido-3-glucose  [2]  is  reacted  with  acetic  anhydride,  it  is 
first  converted  into  an  acetylated  disaccharide  (I).  Agitating  a  chloroform  solu¬ 
tion  of  the  acetylated  disaccharide  with  askanite  yields  a  new  acetylated  dlsacch- 
aride,  owing  to  a  rearrangement  that  occurs  at  the  second  carbon  atom  in  the 
reducing  portion  of  the  disaccharide.  The  resultant  crystals  were  first  refined 
by  recrystallizing  them  from  ethyl  alcohol,  and  then  chromatographically  on 
alumina.  It  was  found  that  these  crystals  were  the  octaacetate  of  galactosido-5- 
mannose  (ll).  Saponification  of  (II)  yielded  galactosldo-3-niannose  (IIlK 
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Oxidizing  the  disaccharide  with  bromine  water  yielded  galactosido=3--niannonic  acid 
(IV),  which  yie^i^ded  galactose  and  mannonlc  acid  upon  hydrolysis 
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Oxidation  of  the  calcium  salt  of  galactosido-3-d-mannonic  acid  with  hydrogen  per¬ 
oxide  in  the  presence  of  iron  salts  yielded  galactosido-2-d-arahinose  (V) .  Galac- 
tosido-2-d-arahinose  yields  nothing  but  a  hydrazone,  which  indicates  the  position 
of  the  oxygen  bridge  in  this  disaccharide  (l,2)  and  in  the  resultant  galactosido- 
3-mannose  (l,3)  <■ 

Hence,  the  position  of  the  oxygen  bridge  in  galactosido-5-glucose  does  not 
change  during  isomerization. 

EXPERIMENTAL 

1.  Isomerization  of  acetylated  galactosido-3-glucose .  100  grams  of  anhydrous 

askanite  was  added  to  a  solution  of  25.8  g  of  the  octaacetate  of  galactosido-3- 
glucose  (m.p.  l4l-l45®)  in  350  ml  of  anhydrous  chloroform,  placed  in  a  round-bot¬ 
tomed  flask  fitted  with  a  reflux  condenser.  The  mixture  was  agitated  in  the  cold 
for  10  days,  the  flask  contents  being  heated  to  70“  toward  the  end  of  this  time. 

The  askanite  was  filtered  out  of  the  slightly  colored  solution,  which  was  evapo¬ 
rated  to  a  thick  syrup.  The  residual  mass  crystallized  during  the  course  of  a  few 
hours.  The  crystals,  recrystallized  from  ethyl  alcohol,  proved  to  be  heterogeneous 
when  examined  microscopically.  The  substance  was  apparently  contaminated  with  the 
original  product.  The  substance  was  then  recrystallized  repeatedly  from  ethyl 
alcohol  to  secure  a  pure  preparation.  Further  refining  was  done  chromatographic- 
ally  on  alumina. 

M.p.  15I-I52®,  +4i.2*  (in  chloroform). 

0.084l  g  substance:  9-6  ml  0.1  N.  NaOH  0.1101  g  substance;  12. 5  ml  O.lNNaOH. 

Found  COCH3  ^9.45,  50.01,  CssHoaOig.  Calculated  COCH3  49,25. 

Saponification  of  the  disaccharide  acetate  yielded  the  free  disaccharide. 

M.p.  159“,  [a-]p°  +34.8*  (in  water) 

0.01  g  subs. I  0.1  g  camphor;  ^t  11.5“j  0.01  g  subs. 5  0.1  g  camphor;^!  11.3*. 

Found;  M  347,  35^.  CigHssOn.  Calculated;  M  342. 

2,  Oxidation  of  the  disaccharide  and  hydrolysis  of  the  resultant  acid.  15,4 
grams  of  the  new  disaccharide  we  had  prepared  were  dissolved  in  300  ml  of  bromine 
water,  and  the  resulting  solution  was  exposed  to  light  for  5  days  with  frequent 
agitation.  Then  the  solution  was  brought  to  a  boil,  and  the  boiling  solution  neu¬ 
tralized  with  calcium  chloride  and  filtered.  The  filtrate  was  concentrated  to  a 
small  volume,  after  which  absolute  ethyl  alcohol  was  added  to  it  gradually.  The 
precipitated  floes  of  the  calcium  salt  of  a  bionic  acid  were  filtered  out  and 
refined  by  recrystallizing  them  from  hot  water.  The  yield  was  13.1  g,  or  78^  of 
the  theoretical. 

0.2510  g  substance;  0.0214  g  CaOj  0,4900  g  substance;  0,0378  g  CaO, 

Found  Ca  6.10,  5,51.  (Ci2H2i0i2)2Ca.  Calculated  Ca  5.30 

Precipitating  the  calcium  from  6  g  of  the  calcium  salt  with  the  computed 
quantity  of  oxalic  acid,  followed  by  evaporation  of  the  filtered  solution, 
yielded  the  bionic  acid  as  a  syrup. 

The  bionic  acid  was  then  decomposed  by  boiling  it  with  a  5^  solution  of 
sulfuric  acid.  The  boiling  solution  was  neutralized  with  calcium  carbonate  and 
then  filtered.  When  absolute  ethyl  alcohol  was  gradually  added  to  the  condensed 
solution,  floes  of  calcium  mannonate  settled  out.  The  calcium  salt  was  purified 
by  recrystallization  from  hot  water. 

0.1189  g  substance;  O.OI68  g  CaO;  0.2001  g  substance;  0.0268  g  CaO, 

Found  Ca  10,01,  9.60,  (C6Hii07)2Ca.  Calculated  Ca  9.30 
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Decomposing  the  calcium  mannonate  with  the  computed  quantity  of  oxalic  acid, 
followed  by  evaporation  of  the  filtered  solution,  yielded  crystals  of  the  lactone 
of  mannonlc  acid  with  a  mop.  of  149-150“^  +50 .,8*  (in  water), which  agrees 

with  the  figures  given  In  the  literature  [3]  The  mixed  melting  point  with  a  known 
sample  of  the  mannonlc  acid  lactone  exhibited  no  depression. 

O0I658  g  subs.;  0.2892  g  CO2;  0.0808  g  HsOj  0.0995  g  subs.;  O.168O  g  COg? 

0.0509  g  H2O.  Found  C  46. 81,  46.965  H  5.26,  570.  CgHioOeo  Calculated 
C  46.055  H  5.68. 

Phenylhydrazlde; ;  m.p.  215-214®  5  [0-]^°  ■“15o8*  (in  water). 

0.1525  g  subs.;  11.7  ml  N2  (16®,  T40  mm) 5  0.2118  g  subs.;  l8.4  ml  N2 
(16®,  740  mm).  Found  N  10.21,  10.01.  C12H18O6N2.  Calculated  N  9^75 

After  the  calcium  mannonate  had  been  filtered  out,  the  solution  was  boiled 
with  6  mi  of  acetic  acid  and  6  g  of  phenylhydrazine.  As  the  solution  cooled, 
yellow  crystals  settled  out.  They  were  filtered  out  and  purified  by  recrystal¬ 
lization  from  ethyl  alcohol.  The  melting  point  of  the  pure  product  was  194.-196®  „ 

Their  mixed  melting  point  with  a  known  sample  of  galactosazone  exhibited  no 
depression. 

3.  Oxidation  of  galactosldo-5-mannonlc  acid.  5»1  grams  of  the  calcium  salt 
of  galactosido-5-mS'nnonlc  acid  were  dissolved  in  100  ml  of  water.  The  solution 
was  heated  to  70®,  and  solutions  of  1.2  g  of  ferric  sulfate  in  20  ml*  of  water  and 
of  1.6  g  of  barium  acetate  in  20  ml  of  water  were  added.  The  reaction  mixture  was 
vigorously  stirred,  and  50  mi  of  30^  perhydrol  were  added  gradually.  Three  hours 
later  10  more  mx  of  the  perhydrol  were  added.  Then  the  precipitate  was  filtered  out, 
and  the  solution  was  evaporated  at  reduced  pressure  to  a  thick  syrup.  The  syrup  was 
mixed  with  300  ml  of  a  methanol-^acetone  mixture  (Isl).  The  insoluble  matter 
was  filtered  out  of  the  solution,  which  was  again  evaporated  to  a  thick  syrup. 

White  crystals  settled  out  when  the  residue  was  mixed  with  absolute  methanol.  The 
crystals  were  filtered  out  the  next  day  and  dried.  The  yield  was  1.8  g,  ’r  53^ 
of  the  theoretical. 

M.p.  i43“144®,  +54.4®  (in  water) 

0.1090  g  subs.;  0,1691  g  CO2I  0.0695  g  H2O;  0.1218  g  subs  ;  0,^889  g 
CO25  0  0712  g  H2O.  Found  C  42. 06,  42.40|  H  6.9O,  6.42.  C^^HpqO.^o- 
Calcuiated  ^;C  42.3O5  H  6.4l. 

The  m.p.  of  the  acetylated  galactosido-2-d-arabinose  was  139-’1^2'' 

[a]^^  +40.6®  ^ in  chloroform) . 

0.,.26l  g  subs.;  15  9  ml  0.1  N  NaOHi  O.I656  g  subs.;  i9ol  ml  0.x.  N  WaOH. 

Found  COCH3  50.15,  49.89,  025^34017=  Calculated  it  COCH3  49. 60. 

When  the  galactosldo-2-d-arabinose  was  boiled  with  phenylhydrazine  and  acetic 
acid,  and  the  solution  then  evaporated  to  small  volume,  crystals  of  the  hydrazone 
of  gaiaccosidO“2-d-arabinose  settled  out|  they  were  refined  by  recrystallization 
from  alcohol. 

M  p.  184-I86*' . 

0,lu69  g  subs.;  9.4  ml  N2  (15®,  738  mm) I  0.l644  g  subs.;  10.2  ml  N2 
(15®,  738  mm).  Found  N  7,45,  7.08.  Ci7H26N209»  Calculated  N  6.96. 

SUMMARY 


1.  Galactosido-5‘-mannose  has  been  synthesized  by  agitating  a  chloroform 
solution  of  acetylated  galactosido-5-glucose  with  askanite.  Saponifying  the 
acetylated  galactosido-5-mannose  yielded  galactosido-5-mannose. 


2e  Oxidizing  the  calcium  salt  of  galactosido-^-mannonic  acid  with  hydrogen 
peroxide  yielded  galactosido-2-d-arabinose o 

3.  The  galactosido-3-nia'nnose  and  the  galactosido-2-d-ara'binose  have  been 
identified  via  several  of  their  derivatives. 
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THE  SYNTHESIS  OF  DISACCHARIDES 


VII.  SYNTHESIS  OF  MANNOSIDO-2 -MANNOSE 
AoMo  Gakhokidze  and  N.D.  Kutidze 


In  our  preceding  research  we  synthesized  the  disaccharide  glucosido-2-galac- 
tose  [l]o  The  present  paper  describes  the  synthesis  of  mannosido-2-mannose  (I). 


The  disaccharide  has  been  synthesized  from  2,3^^>6-tetraacetylmannose  and 
l>3>^>6-tetraacetylmannoseo  The  2,5,^,6-tetraacetylmannose  was  prepared  by 
reacting  acetobromomannose  with  silver  carbonate  [2].  The 

.  _ ^  ^ _  tetraacetylmannose  (IV)  was  prepared  by  reacting  mannose 

pentaacetate  with  an  excess  of  phosphorus  pentachloride, 
followed  by  hydrolysis  of  the  resulting  monochloro-2- 
(trichloroacetyl) -3,4, 6-tr lace tylmannose  (II)  and 
acetylation  of  the  i-chloro™3,4,6-trlacetylmannose  (III) 
The  2,3,4,6-tetraacetylmannose  was  condensed  with 
the  1^3,4,6-tetraacetylmannose  in  a  chloroform  solution, 
at  first  in  the  presence  of  zinc  chloride  and  stannic 
chloride  and  then  with  phosphoric  anhydride  present „ 
Saponification  of  the  resultant  disaccharide  octaacetate 
yielded  the  disaccharide  itself  with  the  empirical 
I  formula  of  CisHagOn.  When  reacted  with  phenyl  hydrazine 

CHgOH  CHaCH  the  disaccharide  produces  nothing  but  a  hydrazone. 
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~'ne  bionic  acid  produced  by  oxidizing  the  disaccharide  with  bromine  water 
was  oxidized  with  hydrogen  peroxide  to  determine  the  disaccharide “s  structure. 
The  resultant  mannosido-2-arabinoside  (V)  did  not  reduce  Fehling’s  solution  nor 
did  it  react  with  phenylhydrazine. 


Thrr  disaccharide  was  methylated,  hydrolyzed,  and  oxidized  to  settle  the 
question  cf  the  position  of  the  oxygen  bridges  within  the  disaccharide ' s  moncses„ 
The  properties  of  the  tetramethylmannose  (VII)  and  of  the  lactone  of  trimethyl- 
mannoni  .  acid  (VIII secured  from  the  methylated  mannosldo-2-mannose  (VI), 
indicated  that  they  were  2,3,4,6-tetramethyl-d-mannopyranose  and  the  o  -lactone 
of  2,3,6 -trimethylmannonic  acid,  respectively. 

Thus,  the  oxygen  bridges  are  located  in  the  1,5  position  in  both  of  the 
monoses  that  make  up  the  disaccharide. 

Hence,  the  disaccharide  we  have  synthesized  has  the  structure  of  (l,5)“ 
raannosido-2-(l,5) -ma-nnose  (I).. 
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EXPERIMENTAL 

(VIII) 

lo  2,3 A,6-Tetraacet.ylmannose,  The  beta  pentaacetate  of  mannose  (m,>po  120-121'' 
[a]^^25'  in  chloroform)  yie^-ded  1-bromotetraacetylmannose,  which  had  a  m.po  of  52- 
53®  after  it  had  been  precipitated  from  chloroform  with  petroleum  ether  and  proved  to 
be  fairly  pure  product  upon  analysis.  20  pi*ams  of  the  acetobromomannose  were 
dissolved  in  200  mi  of  absolute  ether,  and  10  g  of  freshly  precipitated  silver 
carbonate  that  had  been  dried  and  washed  with  alcohol  and  with  ether  were  then 
added  to  the  resulting  solution.  1,5  grams  of  water  were  added  a  drop  at  a  time 
from  a  small  pipet  to  the  resultant  mixture,  which  was  then  agitated  vigorously  for 
2  hours.  The  solution  was  filtered,  desiccated,  and  then  evaporated  to  dryness. 

The  resultant  tetraacetylmannose  was  recrystallized  from  ethyl  alcohol  to  purify  it. 
The  yield  was  13 d  g,  or  72^  of  the  theoretical. 

The  melting  point  of  the  pure  product  was  9^'’,  +25o5“  (in  chloroform). 

0.1265  g  subs.s  l4.9  ml  0.1  N  NaOH,  0.lk^2  g  subs.s  l6.4  ml  0.1  N  NaOH. 

Found  ioi  COCH3  ^9  =  71,  i^9o^9o  Ci4H2o0io-  Calculated  COCH3 

2.  l-Ghloro-2-(trichloroacetyl)-3>^.6-triacetylmannose.  A  mixture  of  75  g  of 

pentaacetylmannose  and  130  g  of  phosphorus  pentachloride  was  placed  in  a  flask 
fitted  with  a  ground-glass  reflux  condenser  ending  in  a  calcium  chloride  tube  and 
heated  on  a  water  bath  for  3  hours,  hydrogen  chloride  being  evolved  for  a  long  time 

and  a  homogeneous  yellowish  solution  being  produced.  After  heating  was  complete, 

the  liquid  was  distilled  at  reduced  pressure  (10  mm),  first  at  room  temperature 
and  then  at  100*.  The  oily  product  left  in  the  flask  was  dissolved  in  10  ml  of 
amyl  alcohol,  a  precipitate  settling  out  as  the  alcohol  cooledj  it  was  extracted 
with  ether. 

Desiccating  the  extract  and  evaporating  the  ether  yielded  crystals  of  l-chloro- 
2-(tr ichloroacetyl) -3,A,6-triacetylmannose.  The  pure  product  had  a  m.p.  of  13^-136® 5 
[aj^°  +11.7®  (in  benzene).  The  yield  was  5^»8  or  56^  of  the  theoretical. 

l-Chloro-2-( trichloroacetyl) -3,4,6-triacetylmannose  is  freely  soluble  in  benz¬ 
ene,  ethyl  acetate,  chloroform,  glacial  acetic  acid,  methanol,  and  ethyl  alcohol. 

It  reduces  Fehling's  solution  and  precipitates  silver  chloride  from  silver  nitrate. 

0.0748  g  subs.s  0,0906  g  AgCl,  0.1449  g  subs.s  O.I765  g  AgCl.  Found 
Cl  29,89,  30.45.  Ci4Hi809Cl4.  Calculated  Cl  30.02. 

3.  l-Chloro-3,4,6-triacetylmannose.  300  ml  of  absolute  ether  saturated  with 
anhydrous  ammonia  at  0®  were  added  to  50  g  of  l-chloro-2-(trichloroacetyl) -3, 4,6- 
triace  tylmannose  .  After  the  mixture  had  been  agitated  for  5  minutes,  all  the 
l-chloro-2-( trichloroacetyl) -3,4,6-triacetylmannose  dissolved.  Some  hours  later 
crystals  of  the  ammonium  salt  formed^  the  mixture  was  deeply  chilled  and  the 
crystals  were  filtered  out.  Then  the  ether  solution  was  evaporated  to  dryness, 
the  substance  being  extracted  from  the  dry  residue  with  ethyl  acetate.  The  ethyl 
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acetate  was  evaporated,  and  the  l-chloro-3^^;6-triacetylmannose  was  recrystallized 
from  ethyl  alcoholo  The  pure  product  had  a  m„po  of  151-152“|  +17ol"  (in  ' 

ethyl  acetate) o  The  yield  was  g,  or  68^  of  the  theoretical^ 

l-Chloro-3^^;6-triacetylmannose  is  soluble  in  ether,  benzene,  chloroform, 
acetone,  and  ethyl  alcoholo  The  solution  reduces  boiling  Fehling's  solution  and 
precipitates  silver  chloride  with  fused  silver  nitrate „ 

0cl501  g  subs.s  0c06l2  g  AgCl.  0.2045  g  subs.s  0.0809  g  AgCl. 

Found  Cl  11.2l|  11.01.  CisHitOsCI.  Calculated  Cl  10.94. 

4.  l,3»4.6~Tetraacetylmannose.  30.1  grams  of  l-chloro-3^4,6-triacetylmannose 
were  dissolved  in  500  ml  of  absolute  ether,  25.6  g  of  anhydrous  silver  acetate  were 
added,  and  the  mixture  was  agitated  for  2  hours  in  the  cold  (until  test  samples 
gave  a  negative  test  for  halogen  in  the  solution) .  The  solution  was  filtered,  and 
the  ether  driven  off  in  vacuo,  yielding  white  crystals  of  l,5»4,6-tetraacetylman- 
nose  with  a  m.p.  of  131®.  The  substance  was  purified  by  recrystallizing  it  from 
ethyl  alcohol.  The  substance  is  freely  soluble  in  chloroform,  ether,  methanol, 
ethyl  alcohol,  and  pyridine,  and  less  so  in  water,  benzene,  and  ligroin.  The  yield 
was  28.8  g,  or  86^  of  the  theoretical.  The  substance  was  dried  in  a  vacuum 
desiccator  over  phosphoric  anhydride  for  analysis. 

0  1989  g  subs  “  0.3513  g  CO25  0.1062  g  H2O.  0.2159  g  subs.».  24.8  mx  0.1  N 
NaOH  0,3101  g  subs.s  35.6  ml  0.1  R  RaOH.  Found  C  48.OI5  H  5.89|  COCRb 
48c8l,  49.17.  C14H20O10.  Calculated  ^;C  48.28?  H  5.74?  COCH3  49,42. 

5 .  Jctaacetylmannosldo^2 -mannose .  A  mixture  of  26.8  g  of  2,3,4,6-tetraacetyl- 
mannose  and  26.8  g  of  1,3,4,6-tetraacetylmannose  was  dissolved  in  400  ml  of  anhydrous 
chloroform.  Then  40  g  of  fused  zinc  chloride  and  4  g  of  stannic  chloride  were  added 
to  the  solution,  and  the  whole  was  agitated  for  5  hours.  The  precipitate  was  fil¬ 
tered  out  of  the  solution,  to  which  30  g  of  phosphoric  anhydride  were  added,  and 

the  whole  again  agitated  for  10  hours.  The  filtered  solution  was  evaporated  at  ^ 

reduced  pressure  to  dryness.  The  octaacetate  of  the  disaccharide  was  extracted  1 

from  the  residue  with  anhydrous  ether  and  with  ethyl  acetate.  The  combined  ' 

extracts  were  desiccated,  after  which  they  yielded  crystals  of  the  disaccharide’s  ' 

octaacetate.  The  substance  was  purified  by  recrystallizing  it  from  ethyl  alcohol. 

The.*  yield  was  42.10  g,or  8l^  of  the  theoretical.  The  m.p.  of  the  pure  product 
was  153’’' >  +19.2'  (in  ethyl  alcohol). 

0  .08i  g  subs.g  0.1964  g  CO21  0.0585  g  H2O.  0.1702  g  subs.s  0,2609  g  C02“. 
0.0830  g  H2O..  0.^872  g  subs.g  21.8  ml  0.1  N  NaOH.  0.2521  g  subs.g  29  4  mi  0.1  R 
NaOH.  Found  ‘jl>^  C  49.25,  49.01?  H  5o94,  5.39?  COCH3  50.4l,  50.17.  C28H39O19. 
Calculated  C  49,37.  H  5.6I  COCH3  50.75. 

6 .  15) -Mannosldo-2- ( 1,5) ^mannose .  36  g  of  the  octaacetate  of  the  disacch- 

aride  were  dissolved  in  150  ml  of  anhydrous  chloroform,  the  resultant  solution  was 
cooled  -^o  ^0  deg,  and  0  9  g  of  sodium  in  200  ml  of  anhydrous  methanol  was  added. 

The  mixture. was  chilled  and  shaken  frequently  for  50  minutes,  a  syrupy  mass  grad¬ 
ually  settling  out  of  the  solution.  Then  100  ml  of  chilled  water  were  added  to  the 
reaction  mixture,  and  the  latter  was  shaken  vigorously.  The  liquid  was  carefully 
neutralized  with  dilute  acetic  acid,  and  the  water-alcohol  layer  was  separated  from 
the  chloroform  and  evaporated  in  vacuo  to  dryness.  The  residue  was  mixed  with  a 
mixture  of  300  ml  of  absolute  methanol  and  200  ml  of  acetone.  The  solution  was 
allowed  to  stand  for  15  minutes  and  then  it  was  filtered  and  evaporated  to  the  con¬ 
sistency  of  a  syrup.  The  syrup  was  dissolved  in  I5  ml  of  water,  the  resulting  sol¬ 
ution  being  mixed  with  30  ml  of  glacial  acetic  acid  and  set  aside  to  stand  overnight, 
the  disaccharide  gradually  crystallizing  out.  The  yield  was  12.6  g,  or  81')^  of  the 
theoretical.  The  m.p.  .of  the  pure  product  was  l4l-l43®  +24,5"  (in  water). 
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O.lit-50  g  substances  0.22^9  g  CO2;  0.079^  g  HaO.  0.1722  g  substances  O.2678  g 
CO2;  0.1283  g  H2O  Found^s  C  42.51,  42.255  H  6.27,  6.09o  C12H22O11.  Calculated  ^s 
C  42.085  H  6.48. 

7.  Oxidation  of  (l«5)»mannosldo-2- (1.5) -mannose.  8.9  grams  of  (l,5)-mannosjd  o- 
2-  (1,5) -mannose  were  dissolved  in  400  ml  of  bromine  water,  and  the  resulting  mixture 
was  exposed  to  the  light  for  3  days,  during  which  time  it  was  agitated  vigorously. 

Then  the  excess  bromine  was  driven  off  by  heating,  and  the  solution  was  neutralized 
with  calcium  chloride.  The  solution  was  filtered,  and  a  solution  of  silver  nitrate 
was  added  a  drop  at  a  time,  producing  an  insoluble  silver  salt  of  hydrobromic  acid 
and  a  soluble  bionate. 

The  silver  was  eliminated  from  the  filtered  solution  with  hydrogen  sulfide. . 

The  silver  sulfide  was  filtered  out  of  the  solution,  which  was  then  evaporated  in 
vacuo  to  small  volume. 

The  bionic  acid  was  further  refined  by  treating  the  solution  with  basic  lead 
acetate.  The  precipitate  was  filtered  out,  suspended  in  water,  and  decomposed  with 
hydrogen  sulfide.  The  lead  sulfide  was  filtered  out,  and  the  solution  was  evaporated 
to  the  consistency  of  a  syrup.  The  substance  was  mixed  repeatedly  with  hot  ethyl 
alcohol,  the  alcohol  being  driven  off  in  vacuum,  in  order  to  get  rid  of  the  odor  of 
acetic  acid. 

The  resulting  bionic  acid  was  dissolved  in  100  ml  of  water,  the  solution  being 
heated  to  boiling  with  calcium  carbonate.  The  excess  calcium  carbonate  was  filtered 
out,  and  the  solution  was  evaporated  until  crystallization  occurred.  The  crystals 
were  recrystallized  from  hot  water. 

0.2621  g  substance;  0,0191  g  CaO,  0.3549  S  substance;  0.0233  g  CaO.  Found 
Ca  5.21,  5.02  (Ci2H2i0i2)2Ca.  Calculated  Ca  5.3I0 

8.  Oxidation  of  mannosido-2-mannonic  acid.  7*5  grams  of  the  calcium  salt  of 
mannosido-2-mannonic  acid  were  dissolved  in  20  ml  of  water,  the  solution  was  heated 
to  70®,  and  solutions  of  0.7  g  of  barium  acetate  in  10  ml  of  water,  0.3  g  of  ferric 
sulfate  in  10  ml  of  water,  and  30  ml  of  30^  perhydrol  were  added.  Then  the  reaction 
mixture  was  frequently  agitated  as  it  was  heated  to  a  gentle  boll  and  then  set  aside 
to  stand  at  room  temperature.  Three  hours  later  another  10  ml  of  the  perhydrol  were 
added  to  the  solution. 

Then  the  solution  was  boiled  for  IO-I5  minutes,  filtered,  and  evaporated  to 
dryness.  The  residue  was  mixed  with  30  ml  of  acetic  anhydride,  and  the  solution  was 
heated  to  boiling  with  3  g  of  fused  sodium  acetate  on  a  water  bath  for  5  hours.  The 
excess  acetic  anhydride  was  driven  off,  and  the  acetylated  product  was  extracted 
with  diethyl  ether.  Desiccation  and  evaporation  of  the  ether  left  behind  the  crystals 
of  hepta-acetylmannosido-d-arabinose .  The  substance  was  refined  by  recrystallizing 
it  from  ethyl  alcohol5  the  m.p,  of  the  pure  product  was  l47-l49® . 

0.1149  g  substances  13=9  ml  0.1  N  NaOH.  0.1483  g  substance;  17.I  ml  0.1  N 
NaOH.  Found  C0C%  49.79,  49.69o  C25%40i7o  Calculated  COCE3  49. 60. 

The  deacetylated  product  did  not  react  with  phenylhydrazlne,  nor  did  it  reduce 
Fehling's  solution  or  give  a  silver  mirror  reaction. 

9 .  Methylation  of  mannosido-2-mannose .  Hydrolysis  of  the  methylated  disaccharide 
ajad^identif ication  of  the  hydrolysis  products.  10.3  grams  of  mannosido-2-mannose  were 
dissolved  in  200  ml  of  water,  the  solution  was  heated  to  40-60* ,  and  dimethyl  sulfate 
and  a  25^  solution  of  sodium  hydroxide  were  gradually  added.  A  total  of  60  g  of 
dimethyl  sulfate  was  added. 

The  alkali  was  added  until  the  reaction  was  weakly  alkaline.  Then  the  reaction 
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mixture  was  heated  to  100®,  and  the  reaction  product  was  extracted  with  chloroform. 
The  syrup  left  after  the  chloroform  had  been  evaporated  was  remethylated,  this  time 
using  36  g  of  methyl  iodide  and  14  g  of  silver  carbonate.  The  methylated  mannosido- 
2-mannose  was  extracted  with  chloroform,  the  chloroform  driven  off,  and  the  residue 
distilled  in  vacuo  (2  mm),  n^°  I.466I5  [a.]p°  -13.6®  (in  chloroform,  c  =  0.5).  The 
yield  was  18.6  g,  or  5^^  of  the  theoretical. 


0.1109  g  substance:  O.4565  g  Agl.  O.1291  g  substance;  O.53IT  g  Agl.  Found 
OCha  55.60,  54.94.  C20H34O11.  Calculated  OCHa  5^»65. 

16  grams  of  the  octamethylmannosldo-2-mannose  were  dissolved  in  20  ml  of 
chloroform,  the  solution  being  mixed  with  300  ml  of  a  5^  solution  of  hydro¬ 
chloric  acid  and  then  boiled  for  3  hours.  When  heating  was  over,  the  chloro¬ 
form  layer  was  separated  from  the  aqueous  one,  and  the  reaction  product  extracted 
three  more  times  from  the  latter  layer  with  chloroform  (in  50-ml  batches).  The 
combined  chloroform  extracts  were  washed  with  water,  desiccated  with  calcium 
chloride,  and  evaporated  to  dryness.  After  the  residue  had  stood  for  a  long 
time,  2,3,4,6-tetramethylmannose,  with  a  m.p.  of  50-51*5  +27.4*  (in 

methanol),  crystallized  out.  The  2,3^^^6-tetramethylmannose  was  identified 
via  its  anilide,  with  a  m.p.  of  l43-l45®  5  ~8.6®  (in  methanol). 

0.2923  g  substance;  11.6  ml  N2  (I6*,  750  mm).  0.3032  g  substances  10. 5 
ml  N2  (16®,  730  mm).  Found  N  4.60,  4.32.  C16H25O5N.  Calculated  N  4.50. 


After  the  2,3,4,6-tetramethylmannose  had  been  extracted,  the  solution  was 
evaporated  to  dryness.  The  residue  was  mixed  with  300  ml  of  bromine  water,  the 
resulting  solution  being  exposed  to  light  for  3  hours  with  frequent  shaking. 

Then  the  solution  was  heated  to  drive  off  the  bromine  and  neutralized  with  lead 
carbonate.  The  filtrate  was  decomposed  with  hydrogen  sulfide  and  reneutralized 
with  calcium  carbonate.  As  absolute  ethyl  alcohol  was  gradually  added  to  the 
condensed  solution,  floes  of  the  calcium  salt  of  3>^j6-trimethylmannonic  acid 
settled  out.  The  salt  was  dissolved  in  water,  the  calcium  precipated  from  the 
solution  with  the  computed  quantity  of  oxalic  acid,  and  the  solution  evaporated 
to  dryness.  The  residue  consisted  of  a  lactone  of  3^^,6-trimethylmannonic  acid, 
with  a  m.p.  of  95-96®.  The  rapid  change  of  the  angle  of  rotation  Indicated  it 
was  the  tH- lac  tone;  +166.4®  — >  +53.7“  (within  2  minutes  in  water).  The 

-lactone  of  3^^^ 6-trlmethylmannonic  acid  was  identified  via  its  phenylhydrazide, 
with  a  m.p.  of  139-1^0®. 


0,2061  g  substance;  15.0  ml  N2  (16®,  750  mm).  0.22l6  g  substance;  15 <.6  ml 
N2  (16®,  750  mm).  Found  N  8.48,  8.01,  C15H24O6N2.  Calculated  N  8.5^= 


SUMMARY 


1.  A  new  disaccharide,  mannosido-2-mannose,  has  been  synthesized. 

2.  Condensing  2,3,4,6-tetraacetylmannose  with  1,3^ 4,6-tetraacetylmannose 
yields  the  octaacetate  of  the  disaccharide. 

3o  Oxidizing  the  calcium  salt  of  mannosido-2-mannonlc  acid  with  hydrogen 
peroxide  yields  mannosido-d-arabinose. 
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THE  ACTIOiJ  OF  mOGEN  DERB^ATOTS  UPON  SODIUM  DI-B-METHOXYETHYLPHOSPHTTE 


V.  So  Abramov  and  Eo  Ao  Mliitskova 


Tn  the  preceding  paper  [1]  we  reported  that  the  dl-B_methoxyethylphos- 
phor&us  and  d  i.-I3-etfioxyethylphosphorous  acids  formed  sodium  salts  when  reacted 
with  metallic  sodium  in  ether „  The  resulting  sodium  di-B-methoxyethylphosphite 
and  dl -ethoxyethy.l  phosphite  react  with  halogenated  ethers  as  follows:. 

CHsOR' 

=  (ROCH2CH2O)  2?^  +  NaBr 

0 


when  the  reaction  products  are  fractionated  from  the  reaction  mljrture  without 
removing  the  sodium  bromide,  the  resulting  alkoxyethyl  ester  of  the  aukoxymethyl.^ 
phosphinic  acid  reacts  with  the  sodium  bromide  as  follows? 


ClfeOR' 

(RCCE2CH£0)2P  1^ 


R0CH2CH20 


.CH20R’ 


+  NaBr  = 


+  RXH2CH2Rr.. 


Trt.s  reaction  of  halides  with  esters  of  alkoxymethylphosphinic  acids  iiai 
been  observed  earlier  [2], 

in  ■'The  ;-resent  tiaper  we  discuss  the  action  of  the  following  haiogor 
derivatives;  benzy...  ch.i.ori.de  and  bromide,  ethyl  bromide,  ethylene  bromide, 
and  acetyl  chloride  and  bromide  upon  sodium  di -p-methoxyethyl phcsnb.it .Bency 
chlor  de  reacts  v-stli  sodium.  dl-B-methoxyethylphosphite  as  io-L.-CWS“ 

CHpCelt 

iCH30CR2CH20'?P0NarClCH2C6Hr,  =  (CH30CH2CH20)2P  "  -  NaC  _ 

0 


Wrveri  the  reaction  products  are  fractioriated,  the  dl-3-methoxyethy?  ester 
of  benzy. rnosphinic  acid  is  driven  off.  The  sodium  chloride  and  the  ester  cf 
benzyl  ch.sphxnlc  acid  formed  in  the  reaction  do  not  react  with  each  -^-her  end  -r 
the  dis-^  .  ..lation  conditions  employed.  The  analogous  reaction  with  benzy. 
bromide  ~s,kes  p^ace  as  fo*.j-OWSf. 


{ C  Ji2C  H20  )  2P0NarBr  C  IfeC  e  H5 

/U 112^  6  H5 

(CH30CH2CH20)2P^  NaBr  = 

\  \ 

0 


,CH2C:6H5 

=  (CHo0CH2CH20)2P^  -*■  NaBr  - 


CH30CH2CH20.^^  ^.CH2C6H5 

P'  +  GH30CH2CH2Br., 

0^  ONa 


The  sodium  salt  of  the  p-methoxyethyl  ester  of  benzylphosphinic  acid  is  formed 
during  fiactionation  of  the  reaction  products.  The  sodium  bromide  formed  during 
the  reaction  does  react  with  the  dl- B-methoxyethyl  ester  of  phosphinic  acid 
under  the  distil i.ation  conditions  which  are  the  same  as  those  for  the  sodium 
chloride.  The  reaction  of  ethyl  bromide  with  sodium  di-B-methoxyethylphosphite 
yields  sodium  bromide  and  the  di-B-methoxyethyl  ester  of  ethylphosphinic  acid, 
which  do  not  interact  under  the  conditions  used  for  fractionating  the  reaction 
products , 
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The  experiments  described  above  indicate  that  the  formation  of  a  salt  of  an 
ester  of  an  alkylphosphinic  acid  depends,  under  approximately  equal  conditions  for 
fractionating  the  reaction  products,  upon  the  nature  of  the  halide  and  of  the  radical 
constituting  the  phosphinic  acid. 

Acetyl  chloride  and  acetyl  bromide  react  with  sodium  di-P-methoxyethylphosphite. 
The  sodium  chloride  and  sodium  bromide  produced  in  the  reaction  react  with  the  resul¬ 
ting  ester  of  acetylphosphinic  acid,  yielding  the  respective  salt  of  the  ester.  When 
the  reaction  follows  the  usual  course,  the  structure  of  the  salt  of  the  ester  should 


be; 


(CH30CH2CH20)2P0Na  +  HalCOCHa  (CHaOCHaCHsOjsP^ 


COCH3 


Ok  /COCH3 

+  CH30CH2CH2Hal 


CH30CH2CH20' 


ONa 


+  NaHal 


and  it  ought  to  contain  a  carbonyl  group.  M.A.Kabachnlk  and  P.A.Rossilskaya  [3] 
have  produced  esters  of  acetylphosphinic  acids  by  reacting  esters  of  phosphorous  ac¬ 
ids  with  acetyl  chloride.  These  compounds  contain  a  carbonyl  group  and  yield  the 
respective  hydrazones  with  phenylhydrazlnes .  The  salt  of  the  ester  we  have  secured 
also  ought  to  react  with  phenylhydrazlnes,  yielding  hydrazones.  The  action  of  2,4- 
dinitrophenylhydrazine  upon  our  salt  of  the  ester  of  acetylphosphinic  acid  did  not 
yield  positive  results,  however. 


A. E. Arbuzov  and  M.M. Azanovs kaya  [4]  have  shown  that  the  reaction  of  sodium  di- 
ethylphosphite  with  acid  halides  is  complicated,  yielding  compounds  with  double  the 
molecular  weight.  On  the  basis  of  the  negative  reaction  with  2,4-dinitrophenylhy- 
drazine  and  in  corJ'ormlty  with  the  researches  of  A. E.  Arbuzov  and  M.M.  Azanovs  kaya, 
the  sodium  salt  of  the  3-methoxyethyl  ester  of  acetylphosphinic  acid  we  have  syn¬ 
thesized  must  be  assigned  the  structure  of 


CH30CH2CH20^  OCOCH3 
^P-C— P-' 

/  .  I  ‘ 

NaO"’  d  CH3  0 


OCH2CH2OCH3 

ONa 


In  our  preceding  paper  we  suggested  a  mechanism  for  the  reaction  between  a  sod¬ 
ium  halide  and  esters  of  alkoxymethylphosphipic  acids, involving  the  addition  of  the 
sodium  halide  at  the  P=0  double  bond,  followed  by  splitting  off  an  alkyl  halide,  as 
follows: 


(R0)2?  ^ 


CH20R* 

0 


+  NaBi 


RO 

\ 

,CH2DR* 

RO 

\ 

^CH20R 

P  — ► 

p 

rRD 

1  ^ONa 

0 

'■  \ 

ONa 

1  *" 

u  . 

Br] 

+  RBr 


We  have  found  that  a  sodium  halide  reacts  with  esters  of  alkylphosphinic  acids 
only  when  the  phosphinic  acid  radical  contains  a  polar  group.  In  the  cases  described, 
-OR*  and  -COR  are  such  groups.  •  We  were,  of  course,  interested  in  producing  esters  of 
alkylphosphinic  acids  containing  other  polar  groups  and  testing  the  reactions  of 
these  phosphinic  acids  with  a  sodium  halide.  The  first  ester  we  could  prepare  was 
an  ester  of  P-bromoethylphosphinic  acid. 


It  was  found  that  the  reaction  of  a  sodium  dlalkylphosphlte  with  ethylene  brom¬ 
ide  varies,  depending  upon  the  order  in  which  the  reagents  are  added  and  their  pro¬ 
portions.  When  equimolecular  proportions  of  ethylene  bromide  and  sodium  dl-3-meth- 
oxyethylphosphite  are  reacted  together,  and  the  reaction  products  are  fractionated 
together  with  the  sodium  bromide  produced,  we  get  the  sodium  salt  of  the  P-methoxy- 
ethyl  ester  of  diphosphoethane; 
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RC  HsC  HgO . .  ,  OC  HsC  IfeR 

V-CH2 — CH2— P 

-'"'I  ii'\ 

NaO  OKa 

vherc  R  =  'Xlia.  Reacting  ethylene  hromlde  with  sodium  diethylphosphite  and 
fractionating  the  reaction  products  together  with  the  sodium  bromide  yielded 
the  ethyl  ester  of  diphosphoethane^  a  solid  product  remaining  in  the  distil¬ 
lation  flask.  While  our  research  was  under  way,  the  ethyl  ester  of  diphos- 
phoethane  has  been  des;rlbed  by  Ford-Moore  and  Williams  [5].  The  constants 
of  our  preparation  agreed  with  those  given  by  them.  Analysis  of  the  solid 
product  Indicated  that  it  was  the  sodium  salt  of  the  ethyl  ester  of  diphos- 
ethane,  with  the  structure  given  above,  where  R  =  H. 

Reacting  sodium  diethylphosphite  with  an  excess  of  ethylene  bromide  and 
then  fractionating  the  reaction  products  with  the  sodium  bromide  yielded  the 
6 odium  salt  of  the  ethyl  ester  of  3-bromoethylphosphinic  acids 

CpHsO^  CHsCHsBr 

P 

NaO'  0 

It  follows  from  the  foregoing  that  the  active  polar  atom  of  bromine  in 
^bromoethylphosphinic  acid  makes  the  reaction  between  sodium  bromide  and  the 
ethyl  ester  of  3~bromoethylphosphinic  acid  possible.  It  should  be  added, 
however,  that  the  radicals  in  the  ester  groups  also  appear  to  affect  the 
course  .of  this  reaction. 

We  have  also  noticed  that  no  sodium  iodide  is  thrown  down  when  alkyl 
iodides  are  reacted  with  sodium  di- 3-methoxyethylphosphite,  even  though  the 
ether  solution  be  heated  until  ether  boils, 

EXPERIMENTAL 

Action  of  benzyl  chloride  upon  sodium  di-3 -methoxyethvlphosnhite  3  grams 
of  benzyl  chloride  were  added  to  sodium  di-3-methoxyethylphosphite,  prepared 
from  0,55  g  of  metallic  sodium  in  30  ml  of  anhydrous  ether  and  ^  g  of  di-3 
-me thoxyethyi phosphorous  acid.  The  reaction  products  were  briefly  heated  and 
then  fractionated  in  vacuo,  a  small  quantity  of  a  product  with  a  b,p  of  I8O- 
188*^ /lO  mmj  n^°  1,4708,  being  driven  off.  The  product  left  within  the  flask 
proved  to  be  sodium  chloride,  upon  analysis. 

The  following  experiment  was  run  to  identify  the  liquid  product';  8  5? 
of  benzyl  chloride  were  added  to  sodium  di- 3-methoxyethylphosphlte,  prepared 
from  1  5  g  of  sodium  in  70  ml  of  ether  and  I5  g  of  di-3-methoxyethylphosphorous 
acid.  After  the  mixture  had  been  heated  on  a  water  bath,  the  ether  layer  was 
decanted  from  the  sodium  chloride  formed.  The  ether  was  driven  off,  and  the 
residue  fractionated  in  vacuo,  yielding  the  following  fractions  (at  13  mm)? 

I  2,7  g,  1.1^9601  II  140-191“  2,3  g,  1o4970;  III  191-197% 

11.9  Sf  1.4945.  A  fraction  with  a  b.p.  of  I90 — 193“/ll  mm  was  collected 
from  Fractions  II  and  III  after  two  successive  fractionations.  The  ester 
yield  was  12  g,  or  55^  of  the  theoretical, 

n^°  1,49455  df°  1,1565  MR  72.63.  C13H21O5P.  Calculated  72o57o 
0,1296  g,  0,1883  g  substance?  l8,6  ml  26,05  ml  NaOH  (T  =  0,02843), 

Found  ^?  P  11,2,  10.88,  C13H21O5P.  Calculated  ^?  P  10,7^ 
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Action  of  benzyl  bromide  upon  sodium  di-p-methoxyethylphosphite »  3-9  S 

of  ben¥^  bromide  were  added  to  sodium  di-3-methoxyethylphosphlte ,  prepared 
from  0.55  g  of  sodium  in  30  ml  of  ether  and  5  g  of  di-3-methoxyethylphosphorous 
acid.  The  reaction  products  were  fractionated  in  vacuo,  a  negligible  amount  of 
liquid  being  driven  off.  There  remained  in  the  flask  a  viscous  hyaline  mass, 
which  solidified  upon  cooling.  The  residue  weighed  5*^  or  80.8^  of  the 
theoretical. 

0.133^  g,  0.1222  g  substance;  21.0  ml,  l8.2  ml  NaOH  (T  =  0.028^3). 

Found  P  12.38,  11.75.  CioHi404PNa.  Calculated  P  12,30. 

Action  of  ethyl  bromide  upon  sodium  di- 3-methoxyethylphosphite .  2.5  g 

of  ethyl  bromide  were  added  to  sodium  dl- 3-methoxyethylphosphite,  prepared 
from  5  g  of  di-p-methoxyethylphosphorous  acid  as  in  the  previous  experiments, 
and  the  reaction  products  were  fractionated  in  vacuo  together  with  the  sodium 
bromide.  Two  successive  fractionations  of  the  distilled  liquid  yielded  a 
fraction  with  a  b.p.  of  152-15^“ /9  nim.  The  yield  of  the  ester  of  ethyl- 
phosphinic  acid  was  3.2  g,  or  56»5^  of  the  theoretical.  Sodium  bromide  was 
left  in  the  flask  after  the  ester  had  been  distilled  off. 

n^°  1,4338j  d|°  l.ll4,  MIU  52.90.  C8H19O5P.  Calculated  52. 8I, 

0.1^97  0,1278  g  substance;  25.12  ml,  21.67  ml  NaOH  (T  =  0,02843). 

Found  P  13.2,  13.3.  CaHigOsP.  Calculated  P  13.7. 

Action  of  acetyl  bromide  upon  sodium  di-3-methoxethylphosphite ,  2.8  g 

of  acetyl  bromide  were  added  to  sodium  di-3-methoxyethyl phosphite,  prepared 
from  5  g  of  di-3-methoxyethylphosphorous  acid  as  in  the  preceding  experiments, 
and  the  reaction  products  were  fractionated  in  vacuo.  A  fraction  with  a  b.p. 
of  60-62®/10  mm  was  collected. 

ngo  1,4320;  d4°  1,382;  MRj^  26.08,  CaHyOBr.  Calculated  25,5, 

There  remained  in  the  flask  a  viscous  mass,  which  solidified  upon  cooling 
into  a  hyaline  mass.  It  weighed  4.65  g,  or  93^  of  the  theoretical, 

0.1067  g,  0.1020  g  substance;  21.1  ml  20.5  ml  NaOH  (T  =  0.02843). 

Found  io%  P  14.75,  14.99.  CioHsoOioPsNaa.  Calculated  P  I5.20. 

Action  of  acetyl  chloride  upon  sodium  di-P-methoxyethylphosphite,  1.8  g 
of  acetyl  chloride  were  added  to  sodium  di-3 -methoxyethyiphosphite  prepared  as 
set  forth  above,  and  the  reaction  products  were  fractionated  in  vacuo,  A  small 
quantity  of  methyl- 3-chloroethyl  ether,  with  a  b.p.  of  42~46"/l3  mm,  l„4l25 
was  distilled  off.  There  remained  within  the  flask  a  brown,  hyaline  mass  that 
weighed  3.75  Sy  or  75')^  of  the  theoretical, 

0,1300  g,  0.l4l2  g  substance;  25,8  ml,  28,5  ml  NaOH  (T  =  0,02843). 

Found  P  l4.9l,  15,05.  CioHsoOioPaNas.  Calculated  P  I5.20. 

1  gram  of  the  salt  was  dissolved  in  absolute  alcohol  and  then  heated 
with  1  g  of  2,4-dinitrophenylhydrazine  on  a  water  bath  for  5  hours.  Upon 
cooling  the  unchanged  crystals  of  the  2,4-dinitrophenylhydrazlne  settled  out. 

Action  of  ethylene  bromide  upon  sodium  di- 3-methoxyethylphosphite .  4.5 


grams  (the  equlmolecular  quantity)  of  ethylene  bromide  was  added  to  sodium  di-P- 
methoxyethylphosphite,  prepared  from  5  g  of  di-3-methoxyethylphosphorous  acid. 
Sodium  bromide  settled  out  only  after  the  reaction  products  had  been  heated  for  a 
long  time  on  a  water  bath.  Than  the  whole  was  fractionated  in  vacuo.  A  total  of 
2.1  g  of  the  methyl- 3-bromoethyl  ester  was  distilled.  The  distilling  flask  con¬ 
tained  a  white  mass,  which  was  purified  by  dissolving  it  in  absolute  alcohol.  The 
salt  contained  no  halogen.  The  crude  salt  weighed  5-1  g^  or  76^  of  the  theoretical, 

1.1388  g, 0.1258  g  substance:  39.8  ml,  36.5  ml  NaOH  (T  =  O.02181).  Found 
P  17.3,  17.5.  CeHisHsPsNaa .  Calculated  P  17.7. 
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Action  of  ethylene  bromide  upon  sodium  diethylphosphite,  5.^  grams 
(0.5  mole)  of  ethylene  bromide  were  added  to  sodium  diethylphosphite,  prepared 
from  5  g  of  diethylphosphorous  acid.  The  sodium  bromide  settled  out  only  after 
the  mixture  was  heated  on  a  water  bath.  Then  the  reaction  products  were 
fractionated  in  vacuo,  a  fraction  whose  physical  properties  and  analysis 
corresponded  to  those  of  the  tetraethyl  ester  of  dlphosphoethane  [5]  being 
isolated  from  the  distillate.  A  white  mass  was  left  within  the  distillation 
flaskj  it  was  dissolved  in  absolute  alcohol  to  eliminate  its  sodium  bromide. 

0.0490  g,  0.04lb  g  substance”.  I7.5  ml,15.1  ml  NaOH  (T  =  0.02l8l). 

Found  P  21.5,  21.9.  C6Hi406P2Na2.  Calculated  P  21.4. 

Action  of  sodium  diethylphosphite  upon  ethylene  bromide.  A  solution 
of  sodium  diethylphosphite,  prepared  from  0.8  g  of  metallic  sodium  and  5  § 
of  diethylphosphorous  acid,  was  added  to  an  excess  (I6  g)  of  ethylene  bromide. 
The  sodium  bromide  settled  out  only  after  the  mixture  was  heated  on  a  water 
bath.  Then  the  reaction  products  were  fractionated,  a  white  residue  remaining 
in  the  flaskj  it  was  purified  by  dissolving  it  in  absolute  alcohol.  The  salt 
contained  a  halogen. 

0,0600  g,  0.0930  g  substance;  l4.9  nil,  24.0  ml  NaOH  (T  =  0.01848). 

Found  P  12.7^  13ol,  C4H903BrPNa.  Calculated  P  12,9, 

SUMMARY 

1.  A  study  has  been  made  of  the  action  of  ethyl  bromide,  benzyl  chloride 
and  benzyl  bromide  upon  sodium  di-p-methoxyethylphosphite .  Ethyl  bromide  and 
benzyl  chloride  both  yielded  esters  of  alkylphosphinic  acids,  while  the  benzyl 
bromide  yielded  a  salt  of  the  ester. 

2.  A  study  has  been  made  of  the  action  of  acetyl  chloride  and  acetyl 
bromide  upon  sodium  di-p-methoxyethylphosphite,  a  salt  of  the  ester  being 
secured.  The  ester  salt  does  not  form  the  corresponding  hydrazone  with  2,4- 
dlnitrophenylhydrazine „ 

3.  A  study  has  been  made  of  the  action  of  ethylene  bromide  upon  sodium 
di-3-methoxyethylphosphlte  and  diethylphosphite.  This  yielded  the  disodium 
salt  of  the  diethyl  ester  of  dlphosphoethane,  the  disodium  salt  of  the  di-p- 
methoxyethyl  ester  of  dlphosphoethane,  and  the  sodium  salt  of  the  ethyl  ester 
of  3-bromoethylphosphinic  acid, 
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THE  ATTIOK  OF 


I 

1 

i 

IODINE  DERIVATIVES  UPON  A  SODIUM  DIALKYLPHOSPHITE  j 

V„  So  Abramov  and  M,  N.  Morozova  ' 


The  reaction  of  a  sodium  dialky Iphosphite  with  halogen  derivatives  yields 
an  ester  of  an  alkylphosphinic  acid  and  a  sodium  halide  as  end  products  of  the 
reaction,  as  follows  [1,2]: 


+  NaHal 


(RO'pPONa  +  R'Hal  =  (R0)2P 


Tne  completeness  of  the  reaction  is  checked  by  the  amount  of  sodium 
halide  formed.  As  a  rule,  the  sodium  halide  is  precipitated  in  nearly  the 
theoretical  quantity  in  such  reactions.  Instances  occur,  however,  especlall^y 
when  iodine  derivatives  are  used,  in  which  the  quantity  of  sodium  iodide  thrown 
down  is  negligible,  Abramov  and  Militskova  have  found  that  no  sodium  iodide  is 
precipitated  at  all  when  sodium  di-P-methoxyethy Iphosphite  is  reacted  with 
iodine  ierivatives,  even  when  the  reaction  products  are  heated  in  ether.  A,  E, 
Arbuzov  and  Kushkova  [3]  have  described  an  experiment  involving  the  action  of 
sodium  diethylphosphite  upon  the  ethyl  ester  of  iodomethylphosphinic  acid  in 
which  oni,y  a  negligible  quantity  of  sodium  iodide  was  thrown  down,  even  after 
2-3  hours  of  heating,  A  thick,  honeylike  mass  that  contained  a  halogen  was 
left  l-  "he  reaction  vessel  after  the  ether  solution  had  been  driven  off 

W-  were  interested  in  making  some  observations  of  this  singular  co'jrse  of 
the  rea  .tlon  between  iodine  derivatives  and  sodium  salts  of  dialkylphosjhorous 
acids  ar.d  In  endeavoring  to  clear  up  the  mechanism  involved  in  these  reac+icns 
and  the  structure  of  the  resultant  products.  Our  interest  herein  was  aj, .  "^he 
greater  since  these  reactions  are  considered  to  be  double  decomposition  react icns. 

reactions  we  have  carried  out  between  iodine  derivatives  and  sodium 
diethylvnoschlte  and  di-p-methoxyethylphosphite  leads  us  to  believe  that  the 
course  I  these  reactions  resembles  the  action  of  halogen  derivatives  ur'-n 
esters  t  rhosphorous  acid.  It  follows  from  various  papers  [A]  that  the 
struct of  sodium  dialky Iphosphite  must  be  regarded  as  of  the  enolic  type, 
i„e  u.vo^ving  trivalent  phosphorus.  Then  the  reaction  of  iodine  derivatives 
with  a  sodium  dialkyiphosphite  may  be  written  as  occurring  in  two  stages ^ 

(R0)2P0Na+  R'l  =  (R0)2l^0Na 
R’  I 

(RC)2  -0  Na:  0 

P  ;  I  =  (R0)2P.  +  Nal 

R5  '  I  I 

As  in  the  esters  of  phosphorous  acid,  the  reaction  starts  with  the 
approach  of  the  iodine  derivative  to  the  phosphorus  atom  that  possesses  a 
solitary  electron  pair  and  can  share  it  with  an  electronbphilic  organic 
radica:,..  This  results  in  the  formation  of  an  iodine  ion  and  a  complex  organic 
ion  in  which  phosphorus  is  the  central  atom.  The  reaction  concludes  with  the 
addition  of  the  halogen  atom  to  the  atom  of  phosphorus. 
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(R0)2P--0Na+R'I 


The  splitting  out  of  the  sodium  iodide  constitutes  the  second  stage  of 
this  process.  The  reaction  involved  in  the  splitting  out  of  the  sodium  iodide 
is  due  to  the  affinity  of  the  halogen  for  sodium  and  the  stability  of  the 
resultant  ester  of  the  alkylphosphinic  acid. 


RO.  ^  ONa 

e 

P  +I 


RO 


R' 


ROk^  ^R' 

P 

RO^l^ONa 


/ 

0 

K 

RO. 

R* 

” 

— ^ 

.  P  „  +  Nal 

RO'^. 

1 

J - 

""  0  !  Na 

RO^ 

0 

r-  r 

i  I 


The  products  of  the  addition  of  the  halogen  derivative  to  the  sodium 
dialkylphosphite  may  also  be  decomposed  differently: 


RO 


I  R 


p 


RO^  R' 

P  +  RI 

0  ONa 


This  decomposition  procedure  must  be  regarded  as  probable  because  the 
end  products  of  our  Investigation,  secured  by  heating  the  reaction  mass  to  a 
high  temperature,  were  salts  of  an  ester  of  an  alkylphosphinic  acid.  As  we 
have  reported  earlier  [5],  these  salts  can  be  produced  by  the  following 
reaction; 


RO^  .  R' 

"  P  +  RI 

0  ONa 


From  the  standpoint  of  the  mechanism  set  forth  above,  the  experiment 
involvlrxg  the  action  of  sodium  diethylphosphite  upon  the  ethyl  ester  of 
iodomethylpbosphinic  acid  described  by  A.  E.  Arbuzov  and  Kushkova  [3]  may  be 
explained  by  the  formation  of  an  addition  product,  recovered  as  a  thick, 
heavy  liquid  that  is  partially  soluble  in  ether.  The  porous  residue  left 
in  the  distillation  flask  after  the  liquid  products  have  been  distilled  is 
probably  a  salt  of  the  ester,  with  the  composition  of: 


C2H5O. 


NaO 


P-CH2— P(0C2H5)2 


0 


0 


We  nave  investigated  the  action  of  methyl,  ethyl,  propyl,  isopropyl, 
and  ally!  iodide  and  of  iodobenzene  upon  sodium  diethylphosphite  and  dl-P- 
methoxyethylphosphite .  The  experiments  were  carried  out  at  room  temperature 
under  approximately  equal  conditions.  The  iodine  derivative  was  poured  into 
the  sodium  dialkylphosphite  in  ether,  prepared  from  metallic  sodium  and  the 
dialky Iphosphorous  acid  [6],  Sodium  iodide  was  thrown  down  when  the  iodine 
derivatives  were  reacted  with  sodium  diethylphosphite.  The  amount  of  sodium 


316 


y 

Iodide  precipitated  varied,  depending  apparently  upon  the  nature  of  the  alkyl 
iodide.  The  results  of  our  experiment?  are  listed  in  Table  1,  in  which  the 
precipitated  codium  iodide  is  given  in  percent  of  the  theoretical  quantity^ 

The  next  column  gives  the  residue  3eft  after  the  solvent  and  the  liquid 
reaction  p-^odacts  had  been  driven  off,  recalculated  in  per  cent  of  the  ' 

theoretical  quantity  of  the  sodium  salt  of  the  ethyl  ester  of  the  alkylphosphinic 
acid, 


Table  1 


Action  of  Iodine  Derivatives  Upon  Sodium  Diethylphosphite 


Noc 

Iodine  Derivative 

Nal  f^) 

r_  - 1 

C2H5O  /p 

X 

NaO  R ' 

Remarks 

i~ 

Methyl  iodide 

^  73  =  3 

21.6 

An  addition  compound  is  evidently 

2 

Ethyl  iodide 

66.6 

30,8 

formed,  the  percentage  being  65.3^ 

3 

Prcpyl  iodide 

360O 

62,1+ 

when  recalculated  on  that  basis. 

h 

Isopropyl  iodide 

IO06 

124.2 

5 

Icdobenzene 

27,0 

78.2 

As  we  see  from  Table  1,  the  precipitation  of  sodium  iodide  follows  a 
regu.ar  pattern,  depending  upon  the  size  of  the  radical.  A  very  small  amount 
of  sodl’m  iodide  is  precipitated  by  isopropyl  iodide,  which  is  probably  due  to 
the  effect  of  the  radical’s  structure.  There  are  many  references  to  the 
anomalous  behavior  of  Isopropyl  [1].  When  the  ester  was  driven  off  from  the 
reaction  products,  the  isopropyl  iodide  was  left  behind  as  a  transpeirent 
hyaline  mass  that  showed  no  sign  of  sodium  iodide.  Recalculating  the  hyaline 
mass  in  terms  of  s-n  addition  product  yielded 

■^ne  behavior  of  aliyl  iodide  differs  from  that  of  the  iodine  deriva-*'lves 
described  above.  At  the  start  of  pouring  the  allyl  iodide  into  the  sodium 
diethylphosphite,  the  solution  becomes  slightly  cloudy,  the  cloudiness 
subsequently  disappearing.  When  the  reaction  products  are  allowed  to  stand, 
two  layers  are  formed;  an  upper  ether  layer  and  a  lower  one  consisting  of  a 
thick,  heavy  liquid,  Ana.lysls  of  the  lower  layer  indicated,  in  agreement 
w^th  *  ue  paper  by  A,  N,  Pudovik  and  B,  A,  Arbuzov  [7]^  that  it  was  the  product 
of  the  addition  of  allyl  iodide  to  the  sodium  diethylphosphite,  with  the 
subsequent  attachment  of  another  molecule  of  sodium  diethylphosphite  at  the 
doub^-'  bond. 


ONa 

(C2%0)2PONa-fICH2CH=CH2  -^(C2H50)  2i^H2— CH=CH2  +  (C2H5O)  gPONa— ^ 

I 


— > 


I 


(C2H5O )  2P-C  H2— C IP-CH2— P(  OC2H5 )  2 


ONa 


Na 


II 

0 


ONa 

y' 

or  (C2H50)2P^H2-^CH— CH2Na 
^  0=P(0C2H5)2 


The  reaction  of  iodine  derivatives  with  sodium  di-p-methoxyethylphosphite 
exhibits  a  state  of  affairs  that  resembles  the  action  of  allyl  iodide  with 
sodium  diethylphosphite.  In  every  instance  the  reaction  products  separated 
into  layers,  a  thick,  heavy  layer  being  produced.  The  solvent  was  eliminated 
from  the  lower,  viscous  layer,  which  was  then  analyzed.  Its  percentage  of 
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phosphorus  proved  to  lie  between  the  percentage  in  the  salt  of  the  ester  of 
the  alkylphosphinic  acid  and  that  in  the  addition  product  of  allyl  iodide 
and  sodium  di-3-methoxyethylphosphite .  The  analyses  for  phosphorus  of  the 
products  of  the  action  of  iodine  derivatives  upon  sodium  di-3-niethoxyethyl- 
phosphite  are  listed  in  Table  2. 

Table  2 

Per  Cent  Phosphorus  Found  in  the  Product  of  the  Reaction  Between  an  Iodine 
Derivative  and  Sodium  Di-3-methoxyethylphosphite  and  Calculated  for  the  Salt 
of  the  Ester  of  the  Alkylphosphinic  Acid  and  for  the  Addition  Product 


1 

i 

^  P  in 

^  p 

P  in 

No.  Iodine  Derivative 

CH30CH2CH2C^  /R' 

Experimental 

/N" 

1 

1 

Nac/^\ 

(CH30CH2CH20)2l^R' 

\l 

1  Methyl  iodide 

17.6 

11.1 

8,3 

2  Ethyl  iodide 

16.5 

9^9 

8.2 

3  IPropyi  iodide 

13,2 

8.6 

7»9 

4  'Isopropyl  iodide 

15.2 

l4,6 

7.9 

5  Iodobenzene 

1 

13o0 

9.9 

7o3 

It  was  impossible  to  isolate  the  addition  products  in  a  chemically  pure 
state  from  the  reaction  mass,  which  was  a  thick,  viscous,  and  heavy  liquids 


In  several  tests  the  viscous  product  was  heated  to  high  temperature  In 
vacuo.  The  distillation  flask  contained  a  residue  of  a  white,  porous  mass, 
which  proved  to  be  a  salt  of  an  ester  of  the  respective  alkylphosphinic  acid 
upon  analysis. 

When  one  mole  of  allyl  iodide  is  used  to  two  moles  of  the  sodium  dl-3- 
methoxyethylphosphlte,  we  get  a  product  that  resembles  the  product  secured  in 
the  reaction  with  sodium  diethylphosphite,  its  composition  being; 

ONa 

I 

(CH30CH2CH20)2^CH2— Cff— CH^— P(0CH2CH20CH3)2  or 

I  Na  0 


ONa 


( C  H30CH2C  H2O )  2P— C  H2— C  H—C  H2Na 


I  0=P(0CH2CH20CH3)2 


EXPERIMENTAL 


Action  of  iodine  der Ivatives  upon  sodium  diethylphosphite .  The  iodine 
derivatives — methyl  iodide,  ethyl  iodide,  propyl  iodide,  isopropyl  iodide,  arid 
iodobenzene — were  reacted  with  the  sodium  diethylphosphite  in  a  flask  fitted 
with  a  reflux  condenser.  First,  the  sodium  diethylphosphite  [6]  was  prepared 
from  1.2  g  of  metallic  sodium  and  7  g  of  diethylphosphorous  acid  in  ether,  and 
then  an  equimolecular  quantity  of  the  iodine  derivative  was  added  at  room 
temperature.  The  reaction  mixture  was  allowed  to  stand  until  all  the  sodium 
iodide  had  been  thrown  down,  after  which  the  ether  solution  was  decanted.  The 
sodium  iodide  was  freed  of  ether  and  weighed.  The  precipitate,  dissolved  in 
water,  exhibited  the  qualitative  reaction  for  sodium  iodide.  The  decanted 
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ether  was  driven  off,  and  the  residue  fractionated  in  vacuo,  a  certain  amount 
of  the  ethyl  ester  of  the  respective  alkylphosphinic  acid  being  distilled  in 
every  instance.  The  residue  was  a  thick,  undistillable  liquid,  which  solidified 
upon  cooling.  We  assumed  that  this  residue  was  the  sodium  salt  of  the  ethyl 
ester  of  the  respective  alkylphosphinic  acid.  The  experimental  data  are  listed 
In  Table  1  (vide  supra). 

Action  of  allyl  iodide  upon  sodium  diethylphosphite .  i»-.8  grams  (0.5 

mole)  of  allyl  Iodide  were  poured  into  sodium  diethylphosphite,  prepared 
from  1.5  g  of  metallic  sodium  and  8  g  of  diethylphosphorous  acid  in  80  ml 
of  anhydrous  ether.  The  reaction  flask  was  water-cooled.  At  the  start  of 
pouring  a  slight  cloudiness  occurred,  but  then  it  disappeared.  The  ether 
solution  of  the  reaction  products  separated  into  two  layers  upon  standings 
an  upper  ether  layer,  and  a  lower  layer  consisting  of  a  viscous,  heavy 
liquid.  The  ether  layer  was  decanted.  The  ether  was  driven  out  of  the 
lower  layer  by  heating  it  in  vacuo  on  a  water  bath  at  35 -^0'" .  The  viscous 
mass  deliquesced  in  air  and  contained  a  halogen  atom. 

0.^36^  g,  0.1196  g  substances  32.0  ml,  27.5  nil  0.5  N  NaOH.  0.1364  g, 

0.1-96  g  substances  O.0638  g,  0.0572  g  Agl.  Found  ^5  P  12.9,  12. 65  I  25.3, 

25.8.  C^.HssOsPpNasI.  Calculated  P  12. 75  I  26.0. 

The  Iodine  was  determined  In  the  filtrate  after  the  phosphorus  had 
been  determined. 

Action  oi  iodine  derivatives  upon  sodium  di-P-methoxyethylphosrhite. 

An  eq,u.i!r.olecuj.ar  quantity  of  the  iodine  derivative  (3<.6  g  of  methyl  iodide, 

3.9  g  ethyl  lodcde,  4„2  g  of  propyl  iodide  and  isopropyl  iodide,  and  g 
of  1  irbvnzene)  was  added  to  sodium  di-p-methoxyethylphosphite,  prepared  from 
0,6  g  of  metallic  sodium  and  5  g  of  di-^-methoxyethylphosphorous  acid.  At 
the  start  of  pctrirg  a  slight  cloudiness  was  observed,  which  quickly  disappeared. 
Then  la^rcrri;:,^  occurred,  the  lower  layer  being  heavy  and  thick.  The  ether 
soiutio:  was  decanted  from  the  lower  layer.  The  ether  was  driven  out  of 
the  xower  .ayer  by  heating  it  in  vacuo  on  a  water  bath  at  no  more  than  40*', 
and  then  the  residue  was  analyzed  for  phosphorus.  The  analysis  results  are 
listed  in  Table  2  above.  As  the  phosphorus  analysis  indicated,  the  thick 
xcwer  layer  was  a  mixture  of  the  addition  products  of  the  alkyl  iodide  and  the 
sodium  d:-3-methoxyethyuphosphite  plus  the  sodium  salt  of  the  methoxyethyl 
ester  of  tne  respective  alkylphosphinic  acid.  Heating  ought  to  yield  a  salt 
of  the  ester  of  the  alkylphosphinic  acid.  The  ether  was  driven  out  of  the 
ether  .ayer,  and  the  residue  was  fractionated.  In  every  run  we  secured  a 
sma...  quantity  of  liquid  products,  whose  physical  properties  were  those  of 
methyl iodoethyi  ether. 

Action  of  propyl  iodide  upon  sodium  di-p-methoxyethylphosphite.  The 
-.ewer  layer  was  separated  in  this  reaction  as  specified  above  and  then  heated 
in  vacuo  at  high  temperature.  A  small  quantity  of  liquid  products  distilled, 
though  they  could  not  be  identified  because  of  the  minute  quantity  involved. 

The  res  due  left  in  the  flask  was  a  white  mass  that  contained  no  halogen  and 
deliquesced  in  air.  The  residue  was  analyzed  and  found  to  be  the  sodium  salt 
of  the  methoxyethyl  ester  of  propylphosphinic  acid. 

0.0858  g,  0.1529  g  substance;  25.5  ml,  42.0  ml  0.5  N  NaCH.  Found 
P  :5o0I,  15.21.  C6Hc40^^FNa.  Calculated  P  15.I9. 

Action  of  iodobenzene  upon  sodium  di-3-methoxyethylphosphite .  The  lower 
layer  formed  in  the  reaction  of  iodcienzene  with  sodium  di-p-methoxyethylphos- 
phite  as  specified  above  was  a  thick,  heavy  liquid  that  was  lns,oluble  in 
benzene.  The  benzene  used  in  the  solubility  tests  was  driven  off.  Benzene 
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was  poured  over  the  reaction  product  and  then  driven  off  over  and  over  until  a 
Beilstein  test  of  the  residue  showed  it  contained  no  more  halogen.  After  all 
the  benzene  had  been  driven  off  in  vacuum,  the  residue  was  an  extremely  tacky 
mass  that  deliquesced  in  air;  it  was  analyzed  and  found  to  be  the  sodium  salt 
of  the  methoxyethyl  ester  of  phenylphosphinic  acid. 

0.1258  g,  0.095^  g  substances  51.3  ml?  23.5  nil  O.5  N  NaOH.  Found  '^s 
P  13.75,  15.55.  C9Hi204PNa.  Calculated  ^5  P  13.O. 

Action  of  allyl  iodide  upon  sodium  di-3-methoxyethylphosphite .  4.2  grams 

(0.5  mole)  of  allyl  iodide  were’ "poured  into  sodium  di1]5-methoxyethylphosphite, 
prepared  from  1.2  g  of  metallic  sodium  and  9*6  g  of  di-3-methoxyethylphosphorous 
acid.  The  turbidity  caused  by  the  addition  of  the  allyl  iodide  quickly  settled 
to  the  bottom  of  the  flask  as  a  heavy,  viscous  liquid.  The  ether  solution  was 
decanted.  The  ether  was  driven  out  of  the  lower  layer  by  heating  in  vacuo  on 
a  water  bath  to  55-40®,  and  then  the  lower  layer  was  analyzed. 

0.1522  g,  0,1390  g  substance:  27,7  ml,  25.2  ml  O.5  N  NaOH.  0.1522  g, 

0.1590  g  substances  0.0545  g,  O.O50I  g  Agl.  Found  P  10. 06,  10,03;  I  19.3, 
19.6.  CisHaaOioPaNasI.  Calculated  P  10.19;  I  20,8. 

The  analysis  for  iodine  was  done  in  the  filtrate  after  the  phosphorus 
had  been  determined. 


SUMMARY 


1.  The  action  of  iodine  derivatives  upon  a  sodium  dialky Iphosphite 
results  in  an  addition  reaction,  followed  by  the  splitting  out  of  either 
sodium  iodide  or  an  alkyl  iodide.  The  alkyl  group  is  split  out  of  the  ester 
group . 

2.  Equations  are  proposed  for  these  reactions, 

3.  The  action  of  allyl  iodide  upon  a  sodium  dialkylphosphite  results  in 
the  addition  of  the  allyl  iodide  to  the  sodium  dialkylphosphite,  followed  by 
addition  of  the  sodium  dialkylphosphite  at  the  allyl  double  bond, 
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THE  REACTION  OF  AZLACTOITES  (OXAZOLONES)  WITH  THIOACETIC  ACID 
S.  Ic  Lurye  and  L.  Gc  Gatsenko 

fhiols  [1],  hydrogen  sulfide  [2],  and  thioacetic  acid  [3]  are  added  to 
a,p-  larisaturated  carboxylic  acids,  yielding  the  respective  (B-thio  derivatives 
of  the  acids.  The  thiols  and  hydrogen  sulfide  are  added  when  catalysts  are 
presents  alkalies,  bases,  acid  peroxides,  ascaridole  [4],  etc.  Thioacetic 
acid  is  added  relatively  easily  to  unsaturated  [3]  acids,  particularly  when  a 
nltro  group  is  attached  to  the  a-carbon  atom  of  the  acid  [5],  thus  increasing 
the  reactivity  of  the  double  bond.  The  presence  of  an  acylamino  group 
attached  to  the  a-carbon  atom  diminishes  the  reaactivity  of  the  double  bond, 
so  that  catalysts  are  required  to  produce  a  reaction  between  unsaturated 
acylamino  acids  and  thioacetic  acid  [4].  The  thiols  are  also  added  to 
compounds  of  the  following  type: 

R'  CO 

(I)  c  =  c^  '0 

R"  N=C — R"' 

i.e.,  to  azlactones  of  unsaturated  a-acylamino  acids-j  it  has  been  shown  [6] 
that  thiophenol  is  added  both  at  the  ^C=C<^  bond  and  to  the  azlactone  ring, 
first  opening  the  latter. 

The  present  paper  is  a  study  of  the  addition  of  thioacetic  acid  to  two 
azlactones;  2-phenyl-4-benzyliden-3-oxazolone  and  2-phenyl-4-isopropyliden-5~ 
oxazolone.  The  difference  between  these  two  azlactones  is  in  the  radicals 
in  the  group  attached  at  the  4  position. 

Reacting  thioacetic  acid  with  2-phenyl-4-benzyliden-5-oxazolone  yielded 
a  compound  with  the  empirical  formula  CieHnONS.  If  two  molecules  of  thioacetic 
acid  had  been  added  to  the  azlactone,  the  empirical  formula  would  have  been 
C20H19O4NS20  If  the  molecule  of  thioacetic  acid  had  been  added  only  at  the 
.T>C=C>-  double  bond  or  only  after  previous  opening  of  the  azlactone  ring,  we 
would  have  had  a  compound  with  the  formula  C18H15O3NS.  The  compound  we  secured 
had  no  active  hydrogen  atoms  [7].  Its  reaction  for  a  sulfhydryl  group  was 
negative.  Heating  in  an  alkali  yielded  an  acid  with  the  empirical  formula  of 
C10R13O2NS.  This  acid  possessed  two  active  hydrogen  atomsj  heating  it  with 
acetic  anhydride  yielded  the  original  compound  again.  When  our  compound  was 
reacted  with  piperidine,  it  yielded  a  piper idide  of  the  corresponding  acid.  A 
study  of  the  properties  of  the  substance  we  had  synthesized  forced  us  to 
conclude  that  the  thioacetic  acid  did  not  react  with  the  2-phenyl-4-benzyliden- 
5-oxazoione  at  the  ' .>C=C<;7  bond  but  rather  with  the  azlactone  ring,  involving 
addition  to  the  previously  opened  azlactone  ring  as  well  as  a  subsequent  split¬ 
ting  off  of  a  molecule  of  acetic  acid,  accompanied  by  formation  of  a  thiazolone 
ring.  The  supposed  reaction  may  be  represented  as  follows;  (See  top  of  next 
page) . 

To  prove  that  our  conjecture  was  correct,  we  decided  to  react  thioacetic 
acid  with  an  azlactone  that  had  no >C=C’<j  ring,  namely,  2-phenyl-4-benzyl-5- 
oxazolone.  This  yielded  a  compound  with  the  empirical  formula  CisHiaONS, 
which  had  no  active  hydrogen  atoms  and  exhibited  a  negative  reaction  for  the  SH 
group.  This  compound  yielded  a  plperidide  of  corresponding  acid  with  piperidine, 
which  proved  that  this  reaction  followed  the  same  course  as  in  the  case  of  the 
2-phenyl-4-benzyliden-5-oxazolone,  i.e,,  as  outlined  above. 
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CaH, 
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CO, 


-CH3COOH  /C=C^  / 

^  ^=C— CeHs 
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'SCOCH3 

'CeHs 


When  we  reacted  thioacetic  acid  with  2-phenyl-4-isopropyliden^5-oxazolone, 
we  secured  two  compounds.  One  compound,  with  the  empirical  formula  C14H15O3NS, 
vas  secured  when  the  azlactone  was  heated  with  the  theoretical  quantity  of 
thioacetic  acid.  The  other  compound,  with  the  empirical  formula  C23H26O2N2S, 
was  secured  either  by  heating  the  azlactone  for  a  long  time  with  an  excess  of 
thioacetic  acid  or  by  distilling  the  first  compound  in  vacuo  at  4-6  mm  residual 
pressure.  The  first  compound  was  the  product  of  the  addition  of  thioacetic 
acid  to  the  2-phenyl-4-isopropyliden-5-oxazolone  at  the^C=€-c' bond.  American 
researchers  secured  a  similar  compound  in  an  attempt  to  synthesize  penicillin 
[8].  The  second  compound  was  the  product  of  a  complicated  transformation  of 
the  first  one.  We  see,  therefore,  that  the  reactivity  of  the  double  bond  is 
affected  by  the  nature  of  the  radicals  in  the  group  at  the  4  position,  and, 
Judging  from  the  nature  of  the  end  products  we  secured,  we  may  conclude  that 
the  double  bond  in  2-phenyl-4-benzyllden-5-oxazolone  is  less  reactive  than  the 
double  bond  in  2-phenyl-4-isopropyliden-5-oxazolone . 

EXPERIMENTAL 

I .  2-Phenyl -4-benzyliden-^-thiazolone .  5  g  of  2-phenyl-4-benzyliden-5- 

oxazolone  and  4  g  of  thioacetic  acid  (9^-99^)  were  heated  together  on  a  water 
bath  for  18  hours  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser 
with  a  calcium  chloride  tube.  Then  the  reaction  mass  was  allowed  to  cool, 

&nd  15  ml  of  alcohol  was  addedj  crystals  settled  out.  They  were  filtered  out, 
washed  with  alcohol,  and  recrystallized  from  a  Isl  mixture  of  benzene  and 
alcohol.  This  yielded  lemon-yellow  crystals  of  2-phenyl-4-benzyliden-5 * 
thiazolone  with  a  m.p.  of  152-133".  They  were  freely  soluble  in  benzene, 
sparingly  soluble  in  alcohol,  and  insoluble  in  alkalies.  The  yield  was  54% 
of  the  theoretical. 

Found  C  72.51j  H  4,35j  N  5.285  S  11. 95.  CiqHhONS.  Calculated  %; 

C  72,455  H  4,155  N  5.285  S  12.07. 

II,  Hydrolysis  of  2-phenyl-4-benzyliden-5-thiazolone .  2  grams  of 

2 -phenyl -4-benzyl iden-5-thiazolone  were  boiled  for  two  hours  with  50  ml  of 
IN  sodium  hydroxide.  When  heating  was  complete,  the  solution  was  cooled, 

20  ml  of  ether  were  added,  and  the  whole  was  neutralized  with  10%  hydrochloric 
acid.  The  mixture  was  thoroughly  shaken,  the  ether  layer  decanted,  the  aqueous 
layer  extracted  with  ether  three  times,  and  the  ether  extracts  combined  with 
the  initial  ether  solution.  The  ether  solution  was  twice  washed  with  ice 
water  and  desiccated  with  sodium  sulfate.  The  ether  was  driven  off,  and  the 
residue  left  behind  was  crystallized  twice  from  benzene.  This  yielded  a- 
thiobenzoylaminocinnamic  acid,  a  white  crystalline  substance  that  was  freely 
soluble  in  alcohol,  benzene,  and  ether,  M.p,  136-137*. 

Found  %:  C  68.OI5  H  4,79;  N  5,09;  S  11,385  M  28o,2.  C16H13O2NS, 

Calculated  %:  C  67.845  H  4,595  N  4.955  S  II.3O5  M  283,1, 
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1  gram  of  a-thiobenzoylaminocinnamic  acid  vas  heated  for  20  minutes  with 
5  ml  of  acetic  anhydride.  As  the  reaction  mass  cooled,  yellow  crystals  settled 
out 5  the*ir  m.p.  was  132-133*  after  recrystallization  from  a  benzene-alcohol 
mixture.  The  mixed  melting  point  with  2-phenyl-4-benzyliden-5-thiazolone 
exhibited  no  depression.  The  yield  was  85^  of  the  theoretical, 

III,  The  piper idide  of  a -^thi obenzoylaminoc innamic  ac i(^.  5  g  of  piperidine 
were  added  to  1  g  of  2-phenyl -4-benzyliden-5-thiazoione,  causing  the  deposit  to 
dissolve  and  the  reaction  mass  to  warm  up.  Then  the  solution  was  heated  for  20 
minutes.  As  it  cooled,  a  white  crystalline  precipitate  settled  out.  It  was 
filtered  out,  washed  with  petroleum  ether,  and  twice  recrystallized  from  70^ 
alcohol,  M.p.  138-139*0  The  yield  was  6Cfjo  of  the  theoretical. 

Found  C  72.2O5  H  6,575  N  8,05  S  8,92,  C2iH220N2£,  Calculated  p, 

C  7^0975  H  6,385  N  7o995  S  9o14, 

IV,  2-Phenyl-4-benzyl“5-'thiazolone,  2  grams  of  2-phenyl-4-benzyl-5- 
thiazoTone,  prepared  by  heating  a-N-benzoylphenylalanine  wltt  acetic  anhydride, 
were  heated  with  2  g  of  thioacetlc  acid  to  95-100*  for  I8  hours.  The  excess 
thioacetic  acid  was  then  driven  off  in  vacuo  at  10  mm.  The  substance  left 
behind  after  the  thioacetic  acid  had  been  driven  off  was  crystallized  twice 
from  ether.  M.p,  110-112*. 

Found  C  71 0785  H  5.025  N  5.245  S  12,20,  CisHiaONS,  Calculated 
C  7I09I5  H  4,915  N  5o245  S  11.98, 

V,  The  piperidide  of  a-thlobenzoylaminohydrocinnamic  acid,  0,5  gram 
of  2-phenyi-4-benzyl-5-thia'zolone  was  dissolved  in  2.5  g  of  piperidine  and 
then  heated  on  a  water  bath  for  20  minutes.  As  it  cooled,  crystals  settled 
out.  They  were  filtered  out,  washed  with  petroleum  ether,  and  crystallized 
from,  alcohol:  m.p.  172-173*. 

Found  N  7  =  985  S  8,98.  C2iH240N2S,  Calculated  N  7  =  965  S  9,10, 

VI,  Reaction  of  thioacetic  acid  with  2-phenyl-4-isopropyliden  -^-Q^zolone. 
5  grams  of  2-phenyl-4-isopropyliden-5-oxazolone  were  heated  with  2,5  g  of 
thioacetic  acid  on  a  water  bath  for  6  hours.  The  entire  mass  crystallized 
upon  cooling.  The  substance  sublimed  when  the  flask  was  gently  warmed  at  1  mm 
residual  pressure.  The  sublimate  had  a  m.p,  of  99-101*® 

Foiind  C  60,855  H  5.685  N  4.985  S  11,70,  C14H15O3NS.  Calculated 
C  60,655  H  5=425  N  5=055  S  11,55, 

The  substance  distilled  when  heated  in  vacuo  at  4-6  mm.  It  rapidly 
solidified  into  a  pale  pink  mass.  The  mass  was  dissolved  in  alcohol,  and 
white  crystals  with  a  m.p,  of  98-99*  were  thrown  down  with  water. 

Found  C  70,495  H  6,95  N  7,205  S  8,46,  C23H26O2N2S.  Calculated 
C  70.055  H  6.615  N  7  =  1-05  S  8,12, 

All  analyses  were  performed  by  E,  A,  Ignatyeva,  to  whom  we  are  deeply 
grateful. 


SUMMARY 


1,  Thioacetic  acid  reacts  with  2-phenyl-4-benzyliden-5-oxazolone  at 

the  azlactone  ring  rather  than  at  the  ^C=C-<7  bond,  yielding  the  corresponding 
thlazolone  derivative, 

2,  Thioacetic  acid  reacts  with  2-phenyl-4-isopropyllden-5-oxazolone  at 
the7>C=C^  double  bond. 
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yellowish,  crystallizing  immediately  thereafter.  It  was  cooled,  and  the  crystals 
were  quickly  washed  with  absolute  ether  and  dried  in  a  desiccator  over  phosphorus 
pentoxide . 

Found  c  53.82;  H  3.99;  N  8.46;  Br  24.28.  Ci5Hi302N2Br . 

Calculated  C  5^«04;  H  3*93;  N  8.4l;  Br  24.02. 

III.  Condensation  of  dimethylaniline  with  ^3-bromoethylphthalimide .  2.5 

grams  of  dimethylaniline “were  freed'of  all  traces  of "monomethylaniline,  heated  to 
100®  with  1.5  g  of  |3-bromoethylphthallmide,  and  kept  at  that  temperature  for  10 
hours.  The  reaction  mass  gradually  turned  blue.  After  it  had  cooled,  the  reaction 
mass  was  poured  into  a  1^  solution  of  hydrochloric  acid,  and  the  oil  was  separated, 
washed  with  water  and  triturated  with  alcohol.  Yellow  crystals  with  a  m.p.  of  105- 
107®  settled  out  after  the  oil  had  been  allowed  to  stand  for  a  long  time  (from  1 
to  20  hours).  The  melting  point  of  3-(N-methyl-N-phenyl) -aminoethylphthalimide 
was  107-109”  after  it  had  been  recrystallized  from  alcohol.  The  yield  was  15-20^ 
of  the  theoretical. 

Found  C  72-56;  H  5.9I;  N  IO.O3.  C17H16O2N2. 

Calculated  C  72.82,  H  5.8  ,  N  10.0; 

Heating  the  reaction  mass  for  upwards  of  20  hours  yielded  N-di(ethylphthall- 
mide) -aniline  with  a  m.p.  of  207-210®. 

Found  c  70.57;  H  4.55;  N  9-57;  C26H21O4N3. 

Calculated  C  71.04;  H  4.82;  N  9-56. 


IV.  Condensation  of  monomethylaniline  with  3-bromoethylphthalimide .  The 
monomethylaniline  was  condensed  with  the  3-bromoethylphthalimide  both  in  pyridine 
and  without  it.  The  seune  substance,  3- (N-methyl-N-phenyl) -aminoethylphthalimide, 
was  secured  in  both  instances. 

3  grams  of  monomethylaniline,  3  g  of  3-bromoethylphthalimlde,  and  2  g  of 
pyridine  were  heated  until  the  reaction  mass  boiled  gently  for  1  hour.  When  the 
mass  had  cooled, ‘ it  was  poured  into  a  solution  of  hydrochloric  acid  and  then 
extracted  with  ether.  The  ether  solution  was  washed  2  or  3  times  with  a  1^  solu¬ 
tion  of  hydrochloric  acid  and  then  with  water  until  its  reaction  was  neutral.  The 
ether  extract  was  desiccated  with  Glauber's  salt,  and  the  ether  then  driven  off. 
The  remaining  crystalline  yellow  substance  was  twice  recrystallized  from  alcohol. 
M.p.  107-109”.  The  yield  was  70-75')f>  of  the  theoretical. 

Found  C  72-71;  H  5-98;  N  10.10-  C17H16O2N2- 

Calculated  C  72-82;  H  5-80;  N  10.00- 

The  methyl  groups  are  replaced  by  an  ethylphthallmide  group  after  prolonged 
boiling,  as  was  the  case  in  the  condensation  with  dimethylaniline - 

All  analyses  were  performed  by  E. A. Ignatyeva,  to  whom  we  are  deeply  indebted. 

SUMMAEY 

1.  The  reaction  of  dimethylaniline  with  2,4-dinitrochlorobenzene  or  with 
3-bromoethylphthallmide  sets  in  only  at  100® . 

2.  Methyl  violet  is  produced  in  addition  to  the  principal  reaction  products, 
which  forces  one  to  assume  that  the  reaction  involved  in  the  condensation  of 
dimethylaniline  with  alkyl  (or  aryl)  halides  resembles  the  condensation  of  dimeth¬ 
ylaniline  with  acid  halides. 
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A  NEW  METHOD  OF  SYNTHESIZING  THIOACETYLCHOLINE  IODIDE 

S.Z.Ivin 

Thioacetylcholine  iodide,  the  sulfur  analog  of  acetylcholine  iodide,  is 
widely  employed  in  various  biochemical  investigations.  The  multistage  method  of 
preparing  thioacetylcholine  iodide  described  in  the  literature  cannot  satisfy 
the  growing  demand  for  this  product,  however. 

In  Renshaw's  method  [1],  for  instance,  the  initial  product  used  for  the  syn¬ 
thesis  is  dimethylaminoethanol,  in  which  the  hydroxy  group  is  replaced  by  chlorine 
by  the  usual  method.  The  2-chlDroethyldimethylamine  is  heated  with  thiourea,  the 
resulting  addition  product  being  hydrolyzed  with  dilute  alkali.  The  2-mercapto- 
ethyldimethylamine  produced  ‘is  converted  by  the  action  of  acetyl  chloride  into 
2-(acetthio)-ethyldimethylammonium  chloride.  The  latter  compound  is  treated  with 
an  excess  of  silver  hydroxide  to  produce  the  free  base.  In  the  last  stage  of  the 
synthesis  the  2- (acetthio) -ethyldimethylamine  is  treated  with  an  excess  of  methyl 
iodide,  yielding  thioacetylcholine  iodide.  In  Renshaw's  description  of  this 
method  of  producing  thioacetylcholine  iodide,  he  comments  on  the  high  yield  of 
the  end  product,  but  when  we  repeated  his  synthesis  we  failed  to  get  any  such  yield. 

The  method  we  have  worked  out  for  producing  thioacetylcholine  iodide 
involves  only  two  stages j  1)  synthesis  of  the  2-iodothioethyl  ester  of  acetic  acidj 
and  2)  reacting  that  ester  with  tr imethylamine .  The  2-iodothioethyl  ester  of 
acetic  acid  is  prepared  by  the  method  described  in  one  of  the  patents  covering  acid 
halides  of  carboxylic  acids  [2]  and  by  a  reaction  of  acetyl  iodide  with  ethylene 
sulfide  we  had  developed; 

CH2-CH2+I-CO-CH3— >  I-CH2-CH2-S-C0H3H3  . 

s-^ 

This  reaction  is  rapid  and  produces  a  high  yield  (70-75^)  of  the  2-iodothioethyl 
ester  of  acetic  acid,  which  is  not  described  in  the  literature. 

The  thioacetylcholine  iodide  is  produced  by  reacting  the  2-lodothioethyl 
ester  of  acetic  acid  with  tr imethylamine; 

(C  H3 )  3N-f  I-C  Hs-C  H2-&-C  0-C  H3->  (C  H3 )  3'N-C  H2-C  Hg-S-C  0“C  H3 

I- 

in  anhydrous  ether  in  the  cold.  The  end  product  of  the  reaction  gradually  settles 
out  of  the  solution  as  a  colorless,  heavy  mass  of  crystals.  Double  recrystalliza¬ 
tion  from  n-propyl  alcohol  produces  a  satisfactory  yield  (70-75^)  of  the  pure 
thioacetylcholine  iodide. 

EXEERIMENTAL 

Preparation  of  the  2-iodothioethyl  ester  of  acetic  acid.  17  grams  of  acetyl 
iodide  and  25  ml  of  anhydrous  carbon  tetrachloride  were  placed  in  a  round-bottomed 
flask  fitted  with  a  reflux  condenser  and  a  dropping  funnel.  Then  6  g  of  ethylene 
sulfide  were  added  slowly  to  the  solution  from  the  dropping  funnel.  When  addition 
was  complete,  the  reaction  mixture  was  heated  on  a  water  bath  at  40-50*  for  50 
minutes.  Then  the  solvent  was  driven  off,  and  the  2-iodothioethyl  ester  of  acetic 
acid  remaining  was  distilled  in  vacuo.  B.p.  97*  (10  mm).  Yield;  17  g. 

d^^  1.8195j  n^"^  I0519O5  MR^  •38.536;  calc.  38.273.  O.5OI2  g  substance; 

0.4881  g  BaS04;  O.5115  g  Agl.  Found  I  55-235  S  13.41.  C4H7OSI. 
Calculated  I  54.9;  S  13-86. 
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Synthesis  of  thloacetylchollne  iodide,  l6  g  of  the  2-lodothioethyl  ester 
of  acetic  acid  and  35  nil  of  anhydrous  ether  were  placed  in  a  150-ml  wide  test  tube 
fitted  with  a  ground-glass  stopper „  The  5  g  of  chilled  liquid  trimethylamine  were 
added  in  small  batches  to  the  solution,  chilled  to  -10  and  -15* ,  the  test  tube 
being  stoppered  and  agitated  after  the  addition  of  each  batch  of  tr Imethylamine « 
After  the  addition  was  complete,  the  reaction  mixture  was  allowed  to  stand  in  the 
cold  for  3-^  hours  and  then  at  room  temperature  for  another  2-3  hourSo  The 
resultant  thloacetylchollne  iodide  was  suction-filtered  and  crystallized  from  a 
small  quantity  of  propyl  alcohol.  This  yielded  lustrous  crystals  with  a  m„p<,  of 
20i4-205*.  The  yield  was  8o^. 

Found  I  43.755  S  10o88j  N  4.67.  C7H16NOSI. 

Calculated  I  43.95|  S  II.O95  N  4.83. 

SUMMARY 

lo  A  new  and  convenient  method  has  been  found  for  producing  thioacetylcholiJ^^ 
iodide.  Involving  the  addition  of  the  2-iodothioethyl  ester  of  acetic  acid  to 
trimethylamine  in  the  cold. 

2.  The  2-iodothioethyl  ester  of  acetic  acid  has  been  synthesized  for  the 
first  time  by  reacting  ethylene  sulfide  with  acetyl  iodide  and  has  been  descrlbedL 
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ARYL  TRICHLOROPHOSPHAZOSm^ONES 
A.  V.  Kirsanov 

Not  very  many  compounds  containing  the  phosphazosulfone  group,  S02-N=FS  are 
known.  Remsen  and  his  associates  [1]  synthesized  p-tr ichlorophosphazosulfonebenzoyl 
chloride  Cl3P=N-S02“^6H4~C0Cl(p)  hy  reacting  p-sulfaminohenzoic  acid  with  phosphorus 
pentachlor ide .  Rodionov  and  Yavorskaya  [2]  synthesized  the  same  compound  hy 
reacting  phosphorus  pentachlor ide  with  the  calcium  salt  of  p-sulfaminobenzoic  acid. 
The  acid  chloride  of  trichlor ophosphazosulfur ic  acid,  ClS02~N=PCl3,  has  recently 
been  produced  [3]  by  reacting  sulfaminic  acid  with  phosphorus  pentachlor ide.  Up  to 
the  present,  therefore,  only  two  compounds  are  known,  the  molecules  of  which  con¬ 
tain  the  phosphazosulfone  group;  Remsen *s  acid  chloride  and  the  acid  chloride  of 
trichlor ophosphazosulfur Ic  acid.  The  interesting  question  arose  of  whether  the 
phosphazosulfone  group,  S02N=F-  ,  is  a  singular  phenomenon  or  can  be  introduced 
into  other  molecules  as  well.  The  aryl  sulfamides  are  the  most  convenient  sub¬ 
stances  for  solving  this  problem.  If  the  phosphazosulfone  group  is  stable,  the 
action  of  phosphorus  pentachlor ide  upon  the  aryl  sulfamides  ought  to  yield 
tr ichlorophosphazosulfonamldea  in  a  reaction  resembling  the  one  in  which  the  acid 
chloride  of  trichlorophosphazosulfuric  acid  was  synthesized; 

NH2SO2OH  +  2PCI5  3H:1  +  POCI3  +  CISO2N  =  PCI3 

Ar-S02NH2  +  PCI5  — >•  2HC1  +  Ar-S02N  =  PCI3  . 

Fittig,  in  1858,  was  the  first  one  to  investigate  the  action  of  phosphorus 
pentachlor ide  upon  aryl  sulfamides  [4],  He  found  that  the  aryl  sulfamides  react 
readily  with  phosphorus  pentachlor ide  when  they  are  heated  gently,  yielding  sub¬ 
stances  that  regenerate  the  initial  sulfamide  when  acted  upon  by  water,  Fittig 
advanced  the  hypothesis  that  the  structure  of  the  substances  produced  resembled 
that  of  the  imidochlor ides,  though  he  cited  nothing  in  support  of  this  conjecture. 
Fittig  did  not  isolate  any  Individual  substances.  Gerhardt  made  a  study  of  the 
reaction  of  phosphorus  pentachlor ide  with  benzenesulfonamide  in  that  same  year  [5]. 

He  reported  that  the  reaction  involved  the  liberation  of  phosphorus  oxychlorldej 
hence,  a  product  analogous  to  an  Imidochlor ide  was  formed.  Gerhardt  did  not  isolate 
the  reaction  product  in  the  pure  state.  Reacting  the  reaction  product  with  ammon¬ 
ium  carbonate,  Gerhardt  secured  the  ammonium  salt  of  an  unknown  acid.  When  this 
salt  was  reacted  with  hydrochloric  acid,  it  yielded  a  "  new  amide,*'  which  Gerhardt 
believed  to  be  a  product  whose  structure  was  similar  to  that  of  an  amidine,  i.e., 
CeHs-SOC  =NH)  (NH2)  ,  which  possessed  the  properties  of  a  strong  acid.  In  1869  ^Jichel- 
haus  checked  Gerhardt's  findings  [6].  He  could  not  secure  the  *View  amide”  and  asser¬ 
ted  that  this  substance  did  not  exist.  Wichelhaus  then  showed  that  no  phosphorus 
oxychloride  Is  liberated  when  a  mixture  of  an  aryl  sulfamide  and  phosphorus  penta- 
chloride  is  heated,  even  as  high  as  18O*  (Gerhardt  expelled  phosphorus  oxychloride 
at  130*),  and  that  the  reaction  product  contained  phosphorus.  Wichelhaus  recovered 
a  substance  with  a  ra.p.  of  130-131**,  whose  comppsition  (C,H,S,N,P,  and  Cl)  was  that 
of  C6H5SO2NHPCI2,  from  the  reaction  mixture,  the  yield  being  low,  apparently  (he 
does  not  state  the  yield).  Thus,  it  is  Wichelhaus*  opinion  that  the  reaction  is 
given  by  the  equation: 

C6H5SO2NH2  +  PCI5  CI2  +  HCl  +  C6H5SO2NHPCI2  . 

The  evolution  of  free  chlorine  was  demonstrated,  but  Wichelhaus  believed  that  part 
of  the  chlorine  entered  into  the  reaction,  laying  the  foundation  for  oily  by-prod¬ 
ucts.  In  1875  Wallach  and  Huth  [7]  made  a  study  of  the  reaction  of  aryl  sulfamides 
with  phosphorus  pentachlor ide.  They  found  that  the  reaction  sets  in  at  100“  and 
that  no  liquid  products  separate  up  to  I60* .  Wallach  and  Huth  confirmed  the  evolu¬ 
tion  of  free  chlorine,  but  they  demonstrated  that  the  amount  of  chlorine  evolved  is 
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extremely  small,  not  exceeding  the  amount  of  chlorine  liberated  when  pure  phosphorus 
pentachloride  is  heated  under  approximately  the  same  conditions.  Wallach  and  Huth 
therefore  doubted  that  free  chlorine  was  evolved  in  the  reaction,  especially  as  the 
reaction  product  had  a  "homogeneous  appearance,"  and  it  was  hard  to  assume  that  it 
contained  Impurities  produced  by  such  large  quantities  of  chlorine.  Despite  the 
"  homogeneous  appearance,'*  of  the  reaction  product,  Wallach  and  Huth  were  unable  to 
recrystallize  it  "  owing  to  its  great  variability,"  though  they  do  state  that  the 
reaction  product  contained  more  chlorine  after  having  been  washed  with  petroleum 
ether  than  called  for  by  Wichelhaus'  formula,  i.e. ,  C6H5SO2NHICI2.  Wallach  and  Huth 
concludes  “  apparently,  the  reaction  of  phosphorus  pentachloride  with  sulfamides  is 
more  complicated  than  appears  from  Wichelhaus'  simple  equation.” 

Thus  the  references  in  the  literature  are  indeterminate,  highly  contradictory, 
and  justify  the  assumption  that  the  reaction  of  phosphorus  pentachloride  with  aryl 
sulfamides  is  a  complex  one,  the  reaction  products  being  highly  variable,  and  their 
isolation  in  the  pure  state  entailing  considerable  experimental  difficulty.  There¬ 
fore,  in  making  a  fresh  start  on  the  investigation  of  the  reaction  between  phosphor¬ 
us  pentachloride  and  the  aryl  sulfamides,  the  present  author  expected,  at  best,  to 
obtain  the  sought-for  aryl  trichlorophosphazosulfones,  even  though  the  yields  were 
low.  How  great  was  his  surprise  at  the  results  of  his  very  first  tests s  the  reac¬ 
tion  was  practically  quantitative,  in  accordance  with  the  following  equations 

ArS02NH2  +  rcig  —V  ArS02N=PCl3  +  2HC1 

at  the  temperature  of  a  boiling  water  bath,  the  reaction  time  being  20-60  minutes. 
When  equimolecular  quantities  of  pure  substances  were  used  for  the  reaction,  the 
amount  of  hydrogen  chloride  liberated  corresponded  to  the  foregoing  equation  within 
0.5^.  The  amount  of  chlorine  liberated  was  negligible.  No  volatile  liquids 
were  found.  The  composition  and  the  molecular  weight  of  the  reaction  product, 
without  any  refining,  conformed  precisely  to  the  composition  and  molecular  weight 
of  the  aryl  trichlorophosphazosulfone.  The  melting  points  of  the  '’crude"  aryl 
trichlorophosphazosulfones  were  only  1-2®  below  those  of  the  doubly  recrystallized 
products.  The  reaction  is  especially  smooth  when  a  small  quantity  of  carbon  tetra¬ 
chloride  is  present,  though  it  is  nearly  quantitative  even  without  carbon  tetra¬ 
chloride  in  the  case  of  the  low-melting  aryl  trichlorophosphazosulfones.  Upon 
hydrolysis,  the  reaction  products  yield  hydrogen  chloride,  phosphoric  acid,  and  an 
aryl  sulfamide,  in  exact  accordance  with  the  following  equations 

ArS02N=PCl3  — >  ArS02NH2  +  3H:1  +  H3PO4C 

+n2U 

All  these  facts  are  sufficiently  convincing  proof  that  the  reaction  of  phosphorus 
pentachloride  with  the  aryl  sulfamides  actually  conforms  to  the  foregoing  equation, 
and  that  the  reaction  products  actually  have  the  structure  of  aryl  trichlorophos¬ 
phazosulfones.  How  can  we  explain  the  failure  of  all  the  previous  researches C  It 
was  probably  due  to  the  fact  that  the  initial  substances  employed  in  the  original 
experiments  were  not  pure  enough,  and  the  end  product  of  the  reaction  was  contamin¬ 
ated  with  by-products.  Once  we  know  the  properties  of  the  aryl  trichlorophosphazo¬ 
sulfones,  however,  we  can  successfully  secure  them  from  the  technical  products. 

Hence,  most  of  the  findings  of  Fittig,  Gerhardt,  Wichelhaus,  and  Wallach  are 
wrong.  Likewise  wrong  is  Wallach’ s  assertion  that  the  reaction  between  phosphorus 
pentachloride  is  more  complicated  than  Wichelhaus'  simple  equation.  In  reality, 
the  equation  for  this  reaction  is  even  simpler  than  Wichelhaus'  equation,  being 
Irreversible  and  nearly  quantitative. 

The  aryl  trichlorophosphazosulfones  are  crystalline  substances  that  are  either 
odorless  or  with  a  very  faint  odor  of  their  own.  They  are  readily  soluble  in  ben¬ 
zene,  ether,  acetone,  acetic  acid,  and  carbon  tetrachloride,  and  slightly  soluble  in 
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petroleum  ether o  The  aryl  tr ichlorophosphazosulfones  react  rather  slowly  with 
water.  A  0.2  g  sample,  for  example,  dissolves  completely  only  after  kO  minutes 
of  agitation  at  room  temperatui'e  in  100  ml  of  water  containing  10  ml  of  IN  alkali. 
The  slowness  of  hydrolysis  is  probably  due  to  the  slight  solubility  in  water, 
since  the  addition  of  a  small  amount  of  alcohol  causes  hydrolysis  to  set  in 
rather  violently.  When  aryl  tr ichlorophosphazosufones  are  exposed  to  the  air, 
they  change  slowly,  giving  off  hydrogen  chloride  in  a  reaction  with  atmospheric 
moisture.  The  aryl  tr ichlorophosphazosulfones  react  vigorously  with  ammonia, 
primary  and  secondary  amines,  alcohols,  and  phenols.  When  aryl  tr ichlorophos¬ 
phazosulfones  are  added  to  ethyl  alcohol,  the  mixtures  begins  to  foam. 

Aryl  tr ichlorophosphazosulfones  cannot  be  distilled  without  decomposing  at 
atmospheric  pressure  or  when  the  pressure  is  reduced  to  6  mm.  They  can  be 
refined  by  recrystallization  from  concentrated  solutions  in  carbon  tetrachloride, 
in  petroleum  ether,  or  in  a  mixture  of  these  two  solvents.  There  is  no  need  for 
this  refining,  however,  since  analytically  pure  substances  are  secured  directly 
from  the  reaction  when  completely  anhydrous  and  pure  sulfamides  and  laboratoiy- 
made  phosphorus  pentachloride  are  utilized. 

EXPERIMENTAL 

Quantitative  test.  0.1  mole  of  the  pure  anhydrous  amide  of- o-toluenesulfonic 
acid  (17  12  g)  was  mixed  with  0.1  mole  of  pure  phosphorus  pentachloride  (20.85  g) 
in  a  round-bottomed  flask  with  a  fused-on  reflux  condenser  and  a  fused-on  tube  to 
drive  the  hydrogen  chloride  off  with  nitrogen  after  the  test  was  over.  The  condenser 
was  connected  to  three  absorbers  via  tubes  whose  ends  were  5  nim  above  the  level  of 
the  liquid.  The  first  absorber  contained  200  ml  of  a  IN  alkali  solution,  while  the 
second  and  third  each  contained  100  ml  of  the  same  solution.  The  absorbers  were 
cooled  with  ice  water  during  the  test.  The  flask  was  immersed  in  a  boiling  water 
bath.  The  evolution  of  hydrogen  chloride  set  in  at  once,  as  indicated  by  the 
'burrents  ”  in  the  liquid  within  the  first  absorber.  Within  15  minutes  the 
mixture  began  to  liquefy,  and  the  evolution  of  hydrogen  chloride  was  accelerated. 

A  rather  large  quantity  of  sublimed  phosphorus  pentachloride  was  deposited  within 
the  reflux  condenser;  it  was  washed  off  with  the  reaction  mixture  by  suitably 
tilting  and  shaking  the  flask.  Within  40  minutes  the  reaction  mixture  had  turned 
into  a  transparent  colorless,  water-white  liquid.  After  6o  minutes,  the  hydrogen 
chloride  was  expelled  from  the  flask  with  nitrogen,  and  heating  was  stopped  When 
the  flask  had  cooled,  its  contents  crystallized  completely  into  a  solid,  brittle, 
entirely  dry  mass  of  prismatic  crystals.  The  residue  left  within  the  flask  weighed 
30.68  g,  or  100.1‘3()  of  the  theoretical.  After  the  residue  had  been  dried  in  vacuo 
at  100  deg  for  15  minutes,  it  weighed  30.53  S,  or  99-6^  of  the  theoretical.  This 
decrease  in  weight  is  probably  due  to  the  fact  that  the  reaction  product  dissolved 
hydrogen  chloride,  or  else  to  the  phosphorus  pentachloride  having  contained  some 
phosphorus  oxychloride,  despite  all  the  precautions  taken,  the  pentachloride  going 
off  only  when  heated  in  vacuo.  The  contents  of  the  absorbers  were  transferred 
quantitatively  to  a  weighed  flask,  and  the  weight  of  the  solution  was  increased 
to  1000.0  grams.  Then  the  acidity  and  the  free  chlorine  were  determined  in  the 
solution  in  the  usual  way. 

500.0  g  solutions  2,1  ml  O.IN  hyposulfite;  100.0  g  solution;  20.1  ml  IN  acid. 
Found;  0.0075  S  free  chlorine;  hydrogen  chloride  0,199  equivalent.  Calculated  for 
the  specified  equation;  0.0000  g  chlorine;  0.200  equivalent  hydrogen  chloride'. 

The  amount  of  chlorine  liberated  is  less  than  that  evolved  by  the  same 
quantity  of  phosphorus  pentachloride  during  the  same  time  and  under  approximately 
the  same  conditions  so  that  the  free  chlorine  evolved  bears  no  relation  to  the 
principal  reaction.  The  hydrocarbon  produced  is  99"5'^  of  "the  theoretical. 
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It  should  he  noted  that  carefully  vacuum-dried,  chemically  pure  o-toluenesulfamide 
and  pure,  preferably  laboratory-made  phosphorus  pentachloride,  carefully  “  dried'* 
in  vac uo;  must  be  used.  All  weighing  must  be  done  in  a  dry  chamber.  If  these 
prerequisites  are  not  observed,  the  yields  of  the  reaction  products  will  vary  by  1-2^. 

The  preparative  reaction.  Equimolecular  quantities  of  the  vacuum-dried 

arylsulfamide  and  the  chemically  pure  phosphorus  pentachloride  (preferably  prepared 
in  the  laboratory)  are  mixed  in  a  round -bottomed  flask,  which  is  terminated  by 
a  reflux  condenser,  the  upper  end  of  which  is  connected  to  an  absorber  for  hydrogen 
chloride.  The  phosphorus  pentachloride  need  not  be  pulverized.  100  ml  of  anhydrous 
carbon  tetrachloride  are  added  to  the  mixture  for  each  mole  of  the  arylsulfamide, 

and  the  mixture  is  heated  on  a  boiling  water  bath.  The  evolution-of  hydrogen - 

chloride  sets  in  at  once.  The  mixture  is  liquefied  within  10-20  minutes, and  turns 
into  a  homogeneous,  transparent,  colorless  liquid  within  20-40  minutes.  The 
reaction  is  complete  after  6o  minutes  have  elapsed.  The  carbon  tetrachloride  is 
driven  off  in  a  5-6  mm  vacuum  at  the  temperature  of  the  boiling  water  bath,  after 
which  the  reaction  product  is  kept  at  that  same  temperature  in  vacuo  for  another 
15-20  minutes  to  expel  all  the  hydrogen  chloride  and  the  volatile  phosphorus 
compounds  that  are  formed  during  the  weighing  and  addition  of  the  phosphorus 
pentachloride.  If  an  excess  of  phosphorus  pentachloride  should  happen  to  be 
used,  heating  in  vacuum  is  continued  until  no  more  phosphorus  pentachloride 
sublimes. 

The  reaction  product  is  poured  into  a  porcelain  dish  while  still  liquid 
and  placed  in  a  desiccator.  If  the  substance  is  to  be  recrystallized  at  once, 
for  which  there  is  ordinarily  no  need,  the  requisite  quantity  of  carbon 
tetrachloride  is  added  to  the  still  molten  product,  and  the  solution  is 
set  aside  to  crystallize.  In  the  case  of  tolyl  p-tr ichlorophosphazosulfone, 
for  example,  200  ml  of  carbon  tetrachloride  is  added  per  mole,  a  yield  of 
69.2^  of  the  trichloride  being  secured  as  large  colorless  prisms  after  suction¬ 
filtering  and  washing  (with  5  batches  of  70  ml  of  carbon  tetrachloride). 

The  yields  of  the  unrecrystallized  aryl  tr ichlorophosphazosulfones 
average  97-99^  of  the  theoretical. 

^  oper  ties  and  ana  lyse  s  of  some  aryl  ic  hlor  ojphqspto^  os  ulf  one  s .  ^  ^ 

The  yield  of  phenyl  tr ichlorophosphazosulfone  was  approximately  99*)^ ■>  It 
crystallized  in  aggregates  of  elongated  needles.  The  crude  product  had  a 
m.p.  of  (maximum,  thermometer  bulb  in  the  liquid).  The  m.p.  was 

5^.5*  after  two  recrystallizations  from  carbon  tetrachloride  or  petroleum 
ether.  There  is  practically  no  difference  between  the  analysis  results  of 
the  ”  crude”  and  the  recrystallized  substance,  so  that  the  only  figures  we 
cite  are  those  for  the  analyses  of  the  '’crude*'  substance. 

52.72  mg  substances  47.18  mg  CO25  8.O5  mg  H2O5  54.53  mg  substance; 

48,71  mg  CO25  8.20  mg  IfeOj  0.1952  g  substance;  0.1562  g  BaS045  O.1693  g 

substance:  0.i34l  g  BaS045  44.47  mg  substance:  1.53  ml  0,1  N  acidj  36.78 

mg  substance;  1.27  ml  0.1  N  acidj  O.2980  g  substance;  O.II25  g  MgsPsO^j 

0.3244  g  substance;  0.1232  g  Mg2P20y5  0.0955  S  substance;  0.l407  g  AgClj 

0.1055  g  substance;  0.1521  g  AgClj  O.6561  g  substance;  11.25  ml  1  N  alkali|  0.6828  g 

substance;  11. 70  ml  1  N  alkalij  0.1242  g  substancej  15.O  g  benzene;At  0„l49®5 

0.2516  g  substancej  I5.O  g  benzene;  i^t  O.299®.  Found  C  24, 40,  24.45j  H  I.7I, 

1.69“,  S  10.99,  10.87;  N  4.82,  4.84;  P  10.50,  10  58;  Cl  36.43,  36.34;  acid 


See  the  theoretical  section  for  the  common  properties. 
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equivalent  in  hydrolysis  5.0l4,  5.OI25  M  2ti5.6,  2&8.3.  C6H5O2NCI3SP.  Calculated 
C  24.61;  H  1.72;  S  10.96;  N  4.79>  P  10. 6O;  Cl  36.37j  acid  equivalent  in  hydrolysis 

5.000;  M  292.50. 

The  yield  of  tolyl  o-trichlorophosphazosulfone  was  about  98^*  Large  colorless, 
transparent  prisms  after  recrystallization  from  a  small  quantity  of  carbon  tetra¬ 
chloride;  m.p.  of  the  "crude*'  52.5*  (maximum);  m.p.  of  the  recrystallized 
product  53.5*.  The  analysis  data  are  given  only  for  the  recrystallized  substance. 

53.21  mg  substance;  53.26  mg  CO2;  11. 04  mg  H2O;  0.7739  S  substance;  12. 65  ml 
1  N  alkali;  0.l437  g  substance;  I5.O  g  benzene;/.t  0.165®,  0.2964  g  substance;  I5.O 
g  benzene;  t  0.336®.  Found  C  27. 30;  H  2.32;  acid  equivalent  in  hydrolysis  5*009; 
M  298.4,  302.4.  C7H7O2NCI3SP.  Calculated  C  27. 4l;  H  2.3O;  acid  equivalent  in 
hydrolysis  5*000;  M  306.5I. 

The  yield  of  tolyl  p-trichlorophosphazosulfone  was  97-99^  of  the  theoretical. 
Carbon  tetrachloride  had  to  be  added  to  the  reaction  mixture  to  secure  the  product, 
since  the  reaction  mixture  did  not  melt  without  carbon  tetrachloride,  and  the 
process  would  be  very  slow.  It  crystallized  excellently  from  carbon  tetrachloride 
in  prisms  and  from  petroleum  ether  in  needles.  The  melting  point  of  the  "crude" 
substance  was  104.6®  (maximum)  and  that  of  the  recrystallized  product  IO6.O®. 

The  analysis  findings  are  given  only  for  the  "crude**  product,  since  the  data  for 
the  recrystallized  product  are  practically  the  same. 

53*70  mg  substance;  53.73  mg  CO2;  11.28  mg  IfeO;  0.8056  g  substance;  13.20  ml 
1  N  alkali;  0.1122  g  substance;  I5.O  g  benzene; ^t  0.131®,  0.2319  g  substance; 

15.0  g  benzene:  «t  0.266®.  Found  C  27.29;  H  2.35;  acid  equivalent  in  hydrolysis 
5.021;  M  293„4,  298.7.  C7H7O2NCI3SP.  Calculated  C  27. 4l;  H  2.30;  acid  equivalent 
in  hydrolysis  5. 000;  M  306.5I. 

SUMMARY 

It  has  been  shown  that  the  data  in  the  literature  on  the  products  of  the 
reaction  between  phosphorus  pentachlor ide  and  aryl  sulfamides  are  incorrect. 

It  has  been  shown  that  the  reaction  of  phosphorus  pentachlor ide  with  aryl 
sulfamides  is  practically  quantitative,  yielding  aryl  trichlorophosphazosulfones . 

The  properties  of  some  aryl  trichlorophosphazosulfones  have  been  described. 
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A  NEW  METHOD  OF  CONVERTING  CARBOXYLIC  ACID  CHLORIDES  INTO  THE  RESPECTIVE  NITRILES 


A.  V.  Kirsanov 


When  tr ichlorophosphazosulfone-p-benzoyl  chloride  is  distilled  in  vacuo, 
phosphorus  oxychloride  is  split  out,  the  nitrogen  atom  is  shifted  from  the  sulfone 
group  to  the  carboxyl  carbon  atom,  and  we  get  p-benzonitr ilesulfonyl  chloride  [1], 
as  follows". 

ClC0C6H4S02N=PCl3  - y  POCI3  +  NCC6H4SO2CI. 

The  mechanism  of  this  singular  reaction  is  still  unclear.  Kemp  supposes  [2]  that 
the  reaction  involves  a  stage  in  which  the  trlchlorophosphazosulfone-p-benzoyl 
chloride  is  polymerized,  after  which  the  phosphorus  oxychloride  is  split  out  and 
the  reaction  end  product  is  formed.  But  this  explanation  explains  nothing.  What 
seems  to  be  more  likely  is  that  the  reaction  occurs  in  two  stages.  The  first 
reaction  resembles  the  amidation  of  carboxylic  acids  by  a  sulfonamide  [3]  or  aryl 
sulfamides  [4],  as  follows". 


^  V 

ClC0C6H4S02N=PCl3  +  ClC0C6H4S02N=PCl3  - y  CICOC6H4SO2CI  +  Cl3P=NC0C6H4S02N=PCl3 


Y 

similarly  ArS02NH2  +  HOCOR  - ArS020H  +  NH2COR  and  then 

Cl3P=NC0C6H4S02N^r^  +  CICOC6H4SO2CI  - >  2Cl3P=NC0C6H4S02Clo 


In  the  second  stage,  the  phosphorus  oxychloride  is  split  out,  as  in  the  splitting 
out  of  sulfuric  acid  from  acyl  sulfamic  acids  [5]  or  in  the  splitting  out  of 
phosphorus  oxychloride  from  tr ichlorophosphazosulfuryl  chloride  [6],  as  follows: 


ClS02C6H4C0N=PCl3  - ^  POCI3  +  CISO2C6H4CN 

similarly  RCONHSO2ONH4  - HOSO2ONH4  +  RCN 

or  ClS02N=PCl3  - POCI3  +  CISON. 

If  these  conjectures  are  correct,  there  is  no  need  for  the  -S02N=NPCl3  and 
-COCL  groups  to  be  in  the  same  molecule.  The  same  reaction  ought  to  take  place 
when  halides  of  carboxylic  acids  are  reacted  with  any  aryl  tr Ichlorophosphazosulfone, 
as  follows: 


RCOCl  t  ArS02N=PCl3  - >-  ArSO^l  +  [RC0N=PCl3] 

[RC0N=PCl3]  - ^  POCI3  +  RCN. 

Inasmuch  as  aryl  tr ichlorophosphazosulfones  have  become  [7l  readily  available  and 
Inexpensive  substances,  while  the  carboxylic  acid  chlorides  are  readily  prepared 
from  the  acids  and  thlonyl  chloride,  as  well  as  by  many  other  methods,  this  reaction 
may  well  serve  as  a  basis  for  developing  a  new  and  convenient  way  of  converting 
carboxylic  acids  into  their  nitriles. 

Experiment  has  confirmed  these  suppositions.  The  chlorides  of  carboxylic 
acids  begin  to  react  with  aryl  tr ichlorophosphazosulfones  at  about  l8o“  the 
reaction  occurring  rapidly  at  200-220®.  Nearly  the  theoretical  quantity  of 
phosphorus  oxychloride  is  driven  off  within  20  to  30  minutes,  what  is  left  in  the 
reaction  flask  being  a  mixture  of  the  respective  sulfonyl  chloride  and  nitrile, 
which  may  be  separated  by  fractionation  or  otherwise.  It  is  best  to  process  the 
reaction  product  with  a  concentrated  aqueous  solution  of  ammonia,  then  suction- 


335 


filtering  and  washing  the  nitrile-sulfonamide  mixture,  and  separating  the 
sulfonamide  by  treating  the  mixture  with  a  slight  excess  of  a  10^  solution  of 
a  caustic  alkali.  Volatile  nitriles,  such  as  benzonitr lie,  may  be  distilled 
from  the  reaction  mixture  immediately  and  purified  either  by  fractionation  or 
chemically.  This  method  is  especially  suitable  for  the  synthesis  of  high- 
boiling  and  comparatively  high-melting  aromatic  nitriles.  The  nitriles  of 
acids  that  are  decomposed  at  200*  or  undergo  changes  when  acted  upon  by 
phosphorus  oxychloride  cannot,  of  course,  be  produced  by  this  method,  nor  can  the 
nitriles  of  acids  that  have  low-boiling  chlorides.  It  may  be  possible,  however, 
to  convert  the  latter  into  nitriles  by  carrying  the  reaction  out  under  pressure. 

We  have  been  unable,  as  yet,  to  secure  a  high  yield  of  palmitonitrlle  by  this 
method . 

The  conversion  of  acids  into  nitriles  does  not  require  that  the  carboxylic 
acid  chlorides  or  the  aryl  tr Ichlorophosphazosulfones  be  isolated  as  such.  The 
carboxylic  acid  may  be  mixed  with  thlonyl  chloride  or  phosphorus  pentachlor ide 
in  one  flask,  and  the  sulfonamide  mixed  with  the  phosphorus  pentachlorlde  in  the 
other 5  the  two  mixtures  are  heated  for  an  hour  on  a  water  bath,  the  excess  thionyl 
chloride  or  the  phosphorus  oxychloride  is  driven  off,  and  the  two  reaction  masses 
are  poured  into  a  distillation  flask,  in  which  they  are  heated  to  200-220“  for 
30  minutes  and  then  treated  with  ammonia  or  else  fractionated.  The  nitrile  yield 
averages  60-90^  of  the  theoretical,  the  yields  of  the  sulfonic  acid  chlorides 
also  running  30-90^  of  the  theoretical.  Various  aryl  tr ichlorophosphazosulfones 
may  be  utilized,  but  those  that  are  converted  Into  low-melting  aryl  sulfochlorides 
are  best,  since  then  the  reaction  with  ammonia  is  accelerated  and  the  reaction 
mixture  is  not  trapped  within  the  compact  solid  crystalline  mass.  Examples  and 
details  of  the  reaction  procedure  are  given  in  the  experimental  section. 

EXPERIMENTAL 

Preparation  of  benzonitrile  from  benzoyl  chloride  and  recovery  of  o-toluene 
sulfochlor ide .  A  mixture  of  0.1  mole  (50. 65  g)  of  crude  tolyl  o-tr ichlorophos- 
phazosulfone  and  0.1  mole  (l4.1  g)  of  benzoyl  chloride  was  placed  in  a  two-necked 
round-bottomed  flask  for  distillation.  The  flask,  connected  to  a  receiver  that 
was  cooled  with  ice  water,  was  fitted  with  two  thermometers,  the  bulb  of  one  being 
immersed  in  the  reaction  mixture  and  the  bulb  of  the  other  being  in  the  vapor.  The 
flask  was  heated  on  an  air  bath.  The  reaction  set  in  at  I80  deg,  as  indicated  by 
the  liquid  beginning  to  boil  gently,  by  the  expelling  of  the  phosphorus  oxychloride, 
and  by  the  rise  of  the  vapor  temperature.  The  reaction  ended  20  minutes  after  the 
liquid  temperature  had  reached  200-205®.  The  end  of  the  reaction  was  indicated 
by  the  cessation  of  distillation  and  the  drop  of  the  vapor  temperature.  The 
maximum  vapor  temperature  was  160®.  The  high  vapor  temperature  was  due  to  the 
absence  of  rectification.  The  distillate  totaled  l4.63  gj  it  consisted  mainly  of 
phosphorus  oxychloride,  though  it  also  contained  some  benzonitrile  and  o-toluene 
sulfochlor ide .  The  phosphorus  oxychloride  was  recovered  by  redistilling  the 
distillate  with  a  100-mm  herringbone  dephlegmator .  Double  redistillation  yielded 
12.2  g  of  phosphorus  oxychloride,  with  a  b.p.  of  IO6-IO8*.  and  a  m.p.  of  1.1**^ 
which  exhibited  no  depression  of  the  mixed  melting  point  with  known  phosphorus 
oxychloride.  The  distillation  residue  was  combined  with  the  crude  benzonitrile 
(see  below).  The  bulk  of  the  reaction  mass  was  a  light-brown  liquid,  with  the 
unpleasant  odor  of  the  sulfochlor ide  and  benzonitrile.  The  reaction  products  were 
separated  by  distilling  the  mixture  at  5  Into  a  herringbone  column  70  nun  long. 

The  crude  benzonitrile  distilled  at  70-8o“,  and  the  o-toluene  sulfochlor ide  at 
I2O-I23®,  ite  yield  being  l6.73  g?  or  87.8^  of  the  theoretical.  The  o-toluene 
sulfochlor  ide  was  identified  by  conversion  into  o-toluene  sulfonamide,  m.p.  l60-l6l**v 
exhibiting  no  depression  of  the  mixed  melting  point  with  o-toluenesulfonamide. 
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The  crude  benzonitrile  was  mixed  with  the  residue  of  the  phosphorus  oxy¬ 
chloride  distillation  and  dissolved  in  25  ml  of  petroleum  ether  (b.p.  60-70**), 
and  the  solution  was  treated  to  gaseous  ammonia  to  remove  traces  of  acid  chlorides. 
One  hour  later  the  precipitate  was  suction-filtered  and  discarded,  the  petroleum 
ether  being  driven  out  of  the  filtrate,  and  the  benzonitrile  distilled  into  a 
100-mm  herringbone  dephlegmator .  The  yield  of  the  product  with  a  b.p.  of  189-190* 
was  8.3  g  or  60.5^  of  the  theoretical;  its  m.p,  was  -l4*,  not  exhibiting 

any  depression  of  the  mixed  melting  point  with  known  benzonitrile. 

Preparation  of  p-nitrobenzonitrile  from  p-nltrobenzoyl  j:hlor^ide  and  recovery 
of  ben'zine sulfonamide.  A  mixture  of  O.O5  mole  of  p-nitrobenzoyl  chloride  (9»28  g) 
and  O0O5  mole  of  phenyl  tr ichlorophosphazosulfone  (l4.63  g)  was  heated  under  the 
conditions  set  forth  above.  The  reaction  set  in  at  205®  ^nd  was  complete 
within  30  minutes  at  215-200*.  The  maximum  vapor  temperature  was  l45". 

This  yielded  7-23  g  of  a  lemon- yellow  distillate  (9^-5^  of  the  theoretical).  When 
the  distillate  was  redistilled,  all  the  colored  portion  passed  over  with  the  first 
three  or  four  drops.  The  bulk  of  the  distillate  consisted  of  phosphorus  oxychlorid 
(6.52  g,  or  of  the  theoretical),  with  a  b.p.  of  105-107*  and  a  m.p.  of 

1.1*. 

The  bulk  of  the  reaction  product  was  a  red-brown  liquid,  which  crystallized 
into  a  solid  radiant  mass  upon  cooling.  The  mass  was  ground  to  a  powder  and 
slowly  poured  into  50  ml  of  a  10^  ammonia  solution,  with  chilling  and  thorough 
stirring.  The  mixture  was  stirred  for  IO-I5  minutes  and  set  aside  to  stand  over¬ 
night.  The  finely  crystalline,  dirty-yellow  precipitate  was  suction-filtered, 
washed  ^ith  water,  and  treated  on  the  filter  four  times  with  I5  ml  of  a  10^ 
solution  of  potassium  hydroxide,  after  which  it  was  rewashed  with  water.  The 
customary  treatment  of  the  solution  yielded  6.5  g  of  benzenesulfonamide,  or  82.7^ 
of  the  theoretical,  m.p.  15^-155*^  which  exhibited  no  depression  of  the  mixed 
melting  point  with  known  benzenesulfonamide. 

The  yield  of  crude  p~nitrobenzonltrile  was  6.72  g,  or  90 of  the 
theoretical;  recrystalllzation  from  water  yielded  colorless  flat  needles  with  a 
m.p.  of  146-147*,  which  exhibited  no  depression  of  the  mixed  melting  point  with 
known  ^-nitrobenzonitrlle. 

Preparation  of  m-nitrobenzonitrile  from  m-ni_trqbenzolc  acid  and  recovery  of 
p-toluene sulfonamide.  6.1  mole  of  m-nitr obenzoic  acid  (16,71  gT  was  mixed  with 
0.15  mole  6f"'thlonyl~ chloride  (10. 65  ml),  and  the  mixture  was  refluxed  on  a  boilirg 
water  bath.  The  evolution  of  hydrogen  chloride  ceased  within  an  hour.  The  reflux 
condenser  was  replaced  by  a  straight  condenser,  and  the  excess  thionyl  chloride  was 
driven  off  up  to  a  temperature  of  I50*  in  the  liquid.  The  liquid  was  cooled  to 
^0“ ,  0.1  mole  of  p-tolyl  tr ichlorophosphazosulfone  (30. 65  g)  was  added,  and  the 

mixture  was  heated  on  an  air  bath  as  set  forth  above.  The  reaction  set  in  at  I85* 
and  took  30  minutes  at  208* .  The  maximum  vapor  temperature  was  135“*  The 
distillate  totaled  l4.9  g5  it  yielded  lk.2  g,  or  92.6%  of  the  theoretical,  of  pure 
phosphorus  oxychloride. 

The  principal  reaction  product  cools  into  a  solid,  extremely  hard, 
crystalline  mass.  It  was  therefore  necessary  to  stir  the  reaction  product  very 
energetically  during  cooling  to  secure  it  as  a  fine  powder.  This  powder  was 
gradually  added  to  100  ml  of  15^  ammonia,  chilled  with  ice  water.  The  next  day 
the  crystalline  precipitate  was  suction-filtered,  washed  with  water,  and  treated 
on  the  filter  with  four  25  ml  batches  of  a  10^  solution  of  potassium  hydroxide. 

The  filtrate  was  boiled  with  activated  charcoal  and  filtered,  and  the  p-toluene- 
sulfonamide  was  precipitated  in  the’ usual  manner.  The  yield  was  13.5  g^  or  Q^.9% 
of  the  theoretical,  with  a  m.p.  of  135-136*.  The  yield  of  the  crude  m-nitro- 
benzonitrile  was  12.3  g,  or  Q'^.0%  of  the  theoretical;  thin  matted  needles  with  a 
m.p.  of  II6-II7*  after  recrystallizatlon  from  water,  which  exhibited  no  depression 
-of  the  mixed  melting  point  with  known  m-nitrobenzonitrile. 
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Preparation  of  p-chlorobenzonltr lie  from  p-chlorobenzoic  acid  and  recovery 
of  p-toluenesulf onami^e c  A  mixture  of  0,05  mole  of  p-chlorobenzoic  acid  (7 0^2  g) 
ana*D.075“¥ole  of  thionyl  chloride  (5^55  ml)  was  refluxed  for  2  hours  on  a  boiling 
water  bath.  The  excess  thionyl  chloride  was  then  driven  off  at  a  liquid  temperature 
of  150*,  0.05  mole  of  p-tolyl  trichlorophosphazosulfone  (15»33  g)  added,  and 

the  reaction  was  carried  out  as  set  forth  above.  The  reaction  set  in  at  175**^ 
and  was  completed  within  25  minutes  at  208-215* .  The  maximum  vapor  temperature 
was  165*.  The  yield  of  pure  phosphorus  oxychloride  with  a  m.po  of  1.1*  was 
6.9  gf  or  90*0^  of  the  theoretical.  The  yield  of  p- toluene sulfonamide  was  6,8  g, 
or  86.7^  of  the  theoretical,  and  the  yield  of  p-chlorobenzonitrile  was  5*85  g>  or 
85. 2*3^1  of  the  theoretical.  Sublimation  of  the  nitrile  at  95“  5  nun  yielded 

snow-white  prisms  with  a  faint  pleasant  fragrance  and  a  m.p.  of  92-93“,  which 
exhibited  no  depression  of  the  mixed  melting  point  with  the  known  p-chlorobenzo- 
nitrlle. 

The  ortho,  para,  and  meta  tolunitr lies,  the  ortho  and  para  bromobenzonitr lies, 
and  phthalodinitrile  were  prepared  in  a  similar  manner. 

SUMMARY 

The  mechanism  involved  in  the  conversion  of  trichlorophosphazosulfone-p-benzoyl 
chloride  into  p-benzonitrilesulfonyl  chloride" is' discussed, 'and  a  new  method  of  con¬ 
verting  carboxylic  acid  chlorides  into  nitriles  is  proposed,  based  upon  this  discus¬ 
sion. 

The  procedure  required  for  converting  carboxylic  acid  chlorides  into 
nitriles  by  the  action  of  aryl  trichlorophosphazosufones  has  been  worked  out  and 
checked  by  way  of  several  examples. 
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SYNTHESIS  OF  AMINOSULFIDES  AND  AMINOSULFONES 
VIII.  SYNTHESIS  OF  AMINOARYL  g-KETOSULFONES  AND  THEIR  DERIVATIVES 
I.  Kh.  Feldman  and  E.S.Nikitskaya 

In  our  preceding  report  [1]  we  described  the  method  of  preparation  and  the 
properties  of  several  sulfones  in  which  the  sulfanilyl  group  NH2C6H4SO2  was 
attached  to  a  dialkyl-aminoalkyl  group.  The  present  paper  deals  with  the  synthesis 
and  the  properties  of  some  sulfones  in  which  an  aryl  or  aminoaryl  ketone  group  is 
attached  to  the  sulfanilyl  radical.  The  3-ketosulfones  of  the  NH2C6H4S02CH2C0R 
type,  in  which  R=C6H5  or  C6H4NHCOCH3,  are  chemically  interesting  because  the  acid 
nature  of  their  methylene  group  enables  us  to  replace  the  active  hydrogen  atoms  in 
that  group  by  various  radicals,  thus  producing  new  compounds.  From  the  standpoint 
of  chemotherapy  they  are  of  interest  in  the  study  of  the  following  problem:  does 
the  chemical  analogy  between  the  b-dlketones  and  the  b-ketosulfones  carry  over 
into  chemotherapy' 

In  the  literature  the  p-ketosulfones  are  usually  synthesized  by  condensing 
sulfonic  acids  with  halogen  ketones  [2].  They  can  also  be  prepared  by  oxidizing 
i3-ketosulf ides  [3]j.  which  are  produced  in  turn  by  condensing  halogen  ketones  with 
alkali  salts  of  thiols.  In  the  present  research,  p-acetylaminophenylphenacyl 
sulfone  was  produced  by  condensing  the  sodium  salt  of  p-acetylaminobenzene 
sulfinic  acid  with  bromoacetophenone  in  toluene  containing  copper  powders 

CHsCONHCelLtSOsNa  ^  BrCHsCOCeHs  CH3CONIE6H4SO2CH2COC6H5  +  HBr  (I) 

The  acetyl  group  was  hydrolyzed  by  a  mixture  of  hydrochloric  and  acetic  acids 5 
this  yielded  the  amine  hydrochloride  as  colorless  crystals.  It  is  worthy  of  note 
that  the  hydrogen  chloride  group  is  held  so  loosely  in  this  product  that  when  the 
latter  is  crystallized  from  alcohol,  hydrogen  chloride  is  split  out,  the  free  amine 
being  produced  as  a  colorless  substance. 

Goldberg  and  Besly  [4],  who  synthesized  this  compound  before  us,  hydrolyzed 
the  acetyl  group  with  hydrochloric  acid  (10  N  )  in  isopropyl  alcohol.  They  secured 
the  hydrochloride  as  well  as  the  free  base  in  the  form  of  yellow,  rather  than  color¬ 
less,  crystalline  precipitates,  whose  melting  points  agree  with  those  of  the  products 
we  have  synthesized.  We  endeavored  to  effect  hydrolysis  under  the  conditions  speci¬ 
fied  by  these  authors,  but  here,  too,  we  secured  colorless  substances. 

In  addition  to  the  p-aminophenylphenacyl  sulfone,  we  synthesized  p-amlnophenyl- 
p-aminophenacyl  sulfone  by  reacting  an  alkali  salt  of  p-acetylaminobenzenesulf inic 
acid  with  p-acetylamlnochloracetophenone,  followed  by  hydrolyzing  the  acetyl  groups. 

CH3C0NH:6H4S02Na  +  C1CH2C0C6H4NIE0CH3  ->■ 

->  ch3Conh:6H4S02CH2COC6H4Nh:och3  -> 

(II) 

->  NH2C6H4S02GH2C0C6H4NH2 

(III) 

In  contrast  to  the  reaction  Involved  in  synthesizing  p-acetylaminophenylphenacyl 
sulfone,  the  condensation  of  the  sodium  salt  of  p-acetylaminobenzenesulfinlc  acid 
and  p-acetylaminochloracetophenone  takes  place  smoothly,  without  the  addition  of  cop¬ 
per  powder.  Here,  too,  the  acetyl  groups  were  saponified  by  a  mixture  of  hydrochloric 
and  acetic  acids,  while  the  diamine  di hydrochloride  formed  as  the  result  of  saponi-  . 
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fication  lost  hydrogen  chloride  during  crystallization„ 

Schiff*  bases  were  produced  by  condensing  free  amines  with  salicylaldehyde. 

Otto  [5]  and  Rossing  [6]  were  the  first  to  undertake  a  study  of  the  proper¬ 
ties  of  the  hydrogen  atoms  in  the  methylene  group  alongside  the  sulfone  group.  In 
their  researches  on  sulfonocarboxylic  acids,  they  found  that  these  acids  behaved 
chemically  like  keto  acidss  both  of  these  acids  were  decomposed  by  alkalies, 
giving  off  CO2  and  forming  a  ketone  in  the  case  of  the  keto^^^acid  and  a  sulfone 
in  the  case  of  a  sulfono-carboxylic  acid.  After  Otto  and  Rossing,  several  authors 
[7]  Investigated  the  properties  of  ketosulfones  and  disulfones,  especially  their 
influence  upon  an  adjacent  methylene  group,  as  in  the  diketones. 

We  thought  it  would  be  interesting  to  investigate  the  reactivity  of  the 
hydrogen  atoms  in  the  methylene  groups  of  the  beta  ketosulfones  we  had  synthesized 
and  to  ascertain  how  the  acetamino  groups  in  the  benzene  rings  affected  their 
properties.  With  this  in  mind  we  ran  experiments  on  the  condensation  of  p-keto- 
sulfones  with  dialkylaminoalkyl  chlorides  and  salicylaldehyde . 


The  condensation  of  o-acetylaminophenylphenacyl  sulfone  with  3-diethylamino- 
ethyl  chloride  has  been  described  in  the  literature,  though  the  author  did  not 
isolate  the  condensation  product  in  the  pure  state.  We  condensed  p-acetylamino- 
phenylphenacyl  sulfone  with  diethylaminopropyl  chloride  and  isolated  the  conden¬ 
sation  product  in  the  pure  state.  This  substance  is  extremely  hygroscopic 5  its 
analysis  for  nitrogen  indicated,  however,  that  we  had  secured  the  product  desired. 
This  compound  was  exposed  to  the  action  of  an  aqueous-alcoholic  alkali,  resulting 
in  its  cleavage  together  with  the  hydrolysis  of  the  acetyl  groupj  we  secured  a  red, 
oily  liquid,  which  combined  with  an  alcoholic  solution  of  hydrogen  chloride  to  form 
an  extremely  hygroscopic  salt,  which  is  apparently  responsible  for  the  unsatis¬ 
factory  analysis  results,  which  are,  nevertheless,  close  to  the  values  computed  fcr 
the  dihydrochloride  of  p-aminophenyl- 5 -diethyl-aminobutyl  sulfone s 


CH3C0NH:6H4S02CH2C0C6H5  +  C1CH2CH2CH2N(C2H5)2 

->  ch3Conie6H4S02Ch:oc6H5  > 

iH2CH2CH2N(C2H5)2 

(IV) 


C2H50Na 

- ^ 


->  NH2GeH4S02CH2CH2CH2CH2N(CgHi)2 

(V) 


When  we  tried  to  perform  an  analogous  condensation  with  the  other  fi-ketosulf- 
one  we  had  synthesized,  £ -acetylaminophenyl-p’ -acetylaminophenacyl  sulfone,  we 
found  that  no  condensation  takes  place  under  these  conditions,  and  we  recovered 
the  initial  3-ketosulfone  unchanged.  The  second  acetamino  group  in  the  para  posi¬ 
tion  to  the  carboxylic  group  evidently  affects  the  reaction  in  this  case. 

It  is  stated  in  the  literature  that  the  hydrogen  atoms  in  an  acid  methylene 
group,  as  in  aryl  sulfonoacetonitriles,  react  readily  together,  though  they  do  not 
react  individually.  That  is  why  they  condense  fairly  easily  with  aldehydes,  pro¬ 
ducing  ethylenic  derivatives.  We  condensed  both  of  our  ketosulfones  with  salicyl¬ 
aldehyde,  securing  the  corresponding  double-bond  compounds;  hence,  the  second 
acetamino  group  in  £-acetylaminophenyl-£* -acetylaminophenacyl  sulfone  does  not 
affect  its  condensation  with  aldehydes.  Condensation  was  effected  in  pyridine  to 
which  a  few  drops  of  piperidine  had  been  added  as  a  catalyst. 
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CH3C0NHC6H4S02Cfl2COR  +  CHOC6H4OH-0  ^ 

CH3C,0NIC6H4S02CC0R 

il  R  =  CeHg,  C6H4NHCOCH3 

(VI)  CHC6H4OH-0 

The  substances  produced  in  this  fashion  add  two  bromine  atoms j  we  found, 
however,  that  the  bromine  is  not  added  at  the  double  bond,  but  enters  the  salicyl- 
aldehyde  ring.  This  was  proved  by  identification  of  the  dibromide  prepared  by 
directly  brominating  the  double-bond  compound  with  a  dibromide  produced  by  conden¬ 
sing  the  ketosulfone  with  dibromosalicylaldehyde  (VII). 

Free  amines  containing  a  double  bond  (VIII)  were  produced  by  hydrolyzing  the 
acetyl  groups  with  a  mixture  of  hydrochloric  and  acetic  acids 5  this  yielded  the 
corresponding  amino  compounds,  which  were  of  interest  because  their  double  bonds 
cannot  be  hydrogenated  at  room  temperature  by  Raney's  nickel  catalyst  or  by 
Adams'  platinum  catalyst. 


EXPERIMENTAL 

p-Acetylaminophenyl-p' -acetylamlnophenacyl  sulfone  (II).  A  mixture  of  3*2  g 
(0.15  mole)  of  p-acetylaminochloracetophenone,  3.3  g  (O.OI5  mole)  of  the  sodium 
salt  of  £-acetylaminobenzenesulfinlc  acid,  and  25  ml  of  alcohol  was  boiled  for  6 
hours ,  with  vigorous  stirring,  in  a  three-necked  flask  fitted  with  a  stirrer  and  a 
reflux  condenser.  When  the  reaction  was  over,  the  resultant  precipitate  was  fil¬ 
tered  out  and  washed  with  water.  This  yielded  4.5  g  of  a  slightly  grayish  crys¬ 
talline  substance  with  a  m.p.  of  257-259°  (SO^  yield).  After  crystallization  from 
dilute  acetic  acid  (2;1),  the  p-acetylaminophenyl-p' -acetylaminophenacyl  sulfone 
was  a  colorless,  finely  crystalline  substance  with  a  m.p.  of  261-263°,  soluble  in 
acetic  acid  and  alcoholic  alkali,  and  insoluble  in  alcohol,  ether,  or  water. 

Found  N  7-25;  S  8.56.  C18H18O5N2S.  Calculated  N  7.^9;  S  8.55. 

p-Aminophenyl-p* -aminophenacyl  sulfone  (III).  A  mixture  of  1  g  of  p-acetyl- 
aminophenyl-p*-acetylaminophenacyl  sulfone,  l2  ml  of  acetic  acid,  and  4  ml  of  dilute 
hydrochloric  acid  (l;l)  was  boiled  for  2  hours,  at  a  bath  temperature  of  85-90* ^  in 
a  round-bottomed  flask  fitted  with  a  reflux  condenser.  After  the  reaction  was  over 
and  the  solution  had  cooled,  it  yielded  0.93  g  (95^  yield)  of  the  dihydrochloride  of 
p-aminophenyl-p* -aminophenacyl  sulfone,  with  a  m.p.  of  239-241®,  which  was  converted 
into  the  base  of  p-aminophenyl-p' -aminophenacyl  sulfone,  with  a  m.p,  of  2l4-2l6®,  by 
crystallization  from  alcohol. 

Found  N  9.70;  S  11.07.  C14H14O3N2S.  Calculated  N  9-65;  S  11.03. 

Schiff  base  of  p==amlnophenyl-p*-amlnophenacyl  sulfone  and  salicylaldehyde . 

20  ml  of  methanol  and  0.73  g  (O.OO25  mole)  of  _p-aminophenyl-p' -aminophenacyl  sulfone 
were  placed  in  a  three-necked  flask  fitted  with  a  stirrer  and  a  reflux  condenser . 

The  mixture  was  stirred  while  O.61  g  (O.OO^mole)  of  salicylaldehyde  was  added  to  it. 
As  the  flask  was  heated,  an  orange  precipitate  of  the  base  was  thrown  down.  It  was 
filtered  out  after  the  reaction  was  over  and  washed  with  dichloroethane  and  then 
with  alcohol.  The  Schiff  base  of  p-aminophenyl-p' -amlnophenacyl  sulfone  and  sali¬ 
cylaldehyde  thus  produced  was  an  orange-yellow  precipitate  with  a  m.p.  of  225-227*, 
which  was  insoluble  in  alcohol,  benzene,  ether,  acetone,  chloroform,  dichloroethane, 
or  water.  The  substance  is  decomposed  by  weak  hydrochloric  acid.  The  synthesized 
compound  weighed  1.1  g  (88^  yield). 

Found  N  5.76;  S  6.29.  C28H22O5N2S.  Calculated  N  5-62;  S  6.42. 
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Schiff  base  of  ;B-amlnophenylphena.cyl  sulfone  (l)  and  salicylaldehyde .  The 
Schiff  base  of  p-aminophenylphenacyl  sulfone  and  salicylaldehyde  was  produced  under 
the  same  conditions  as  those  employed  for  preparing  the  Schiff  base  of  p-amlnophenyl - 
-amlnophenacyl  sulfone.  The  yield  of  the  base  was  Qh'jo}  its  mop.  was  150-155*  • 
After  it  had  been  crystallized  from  ethyl  alcohol,  the  Schiff  base  of  p-aminophenyl- 
phenacyl  sulfone  was  a  yellow  crystalline  substance  with  a  m.p.  of  159-1^1* ^  soluble 
when  heated  in  most  of  the  usual  organic  solvents,  insoluble  in  water  or  dilute 
alcohols,  and  decomposed  by  hydrochloric  acid. 

Found  N  5.795  S  8,12.  C21H17O4NS.  Calculated  N  5.69|  S  8.44, 

^-Acetylaminophenyl- B -diethylaminobutyl-1- (benzoyl)  sulfone  (IV).  25  ml  of 

absolute  alcohol  were  placed  in  a  three-necked  flask  fitted  with  a  stirrer,  a 
reflux  condenser,  and  a  dropping  funnel,  and  0,25  g  (0,01  mole)  of  metallic  sodium 
was  added  in  small  pieces.  When  all  the  sodium  had  dissolved,  5«1T  g  (O.Ol  mole) 
of  £-acetylaminophenylphenacyl  sulfone  were  added,  and  the  reaction  mixture  was 
boiled  until  the  ketosulfone  had  dissolved  (50  minutes).  Then  4„5  g  (0,05  mole) 
of  3-diethylaminopropyl  chloride  were  added  to  the  hot  solution  from  the  dropping 
funnel.  The  reaction  mass  was  stirred  and  heated  to  40®  for  2  hours,  and  to  the 
boiling  point  of  the  solution  for  6  hours.  When  the  reaction  was  over,  the  sodium 
chloride  was  filtered  out,  -ind  the  filtrate  evaporated  to  small  volume  and  poured 
out  into  water,  A  thick,  light-brown  mass  settled  out.  It  was  filtered  out  of 
the  water,  washed,  and  dried  in  a  vacuum  desiccator.  The  5.45  g  (80^  yield)  of  the 
condensation  product  thus  secured  was  a  dark-yellow  substance  that  deliquesced  in 
air,  was  freely  soluble  in  tne  usual  organic  solvents,  and  was  insoluble  in  water. 

Found  N  6,66,  6,79.  C23H30O4N2S,  Calculated  N  6.51, 

Dinydrochlorlde  of  _2-aminophenyl=S -diethylaminobutyl  sulfone  (V)  ,  A  mixture 
of  5.45  g  of  £-acetylaminophenyl- 6 -diethylaminobutyl-l-fbenzoyl )  sulfone,  20  ml  of 
alcohol,  and  20  ml  of  5N  sodium  hydroxide  was  heated  for  two  hours  on  a  boiling 
water  bath  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser.  The  resulting 
solution  was  neutralized  with  hydrochloric  acid,  and  the  alcohol  driven  off  in 
vacuo.  Then  the  cooled  mass  was  treated  with  a  ION  solution  of  sodium  hydroxide 
until  its  reaction  with  phenolphthalein  was  alkaline,  and  the  oily  substance  that 
settled  out  was  extracted  with  ether.  After  the  ether  extract  had  been  desiccated 
and  the  ether  driven  off,  there  remained  in  the  flask  the  hypothetical  p-amlnophenyl- 
<£.-diethylamlnobutyl  sulfone  as  2>  15  g  of  a  tacky,  noncrystallizing,  dark-red  mass 
(93^  yield).  It  was  freely  soluble  in  the  usual  organic  solvents  and  in  water. 
Reacting  an  ether  solution  of  p-amlnophenyl- b -diethylamlnobutyl  sulfone  with  an 
alcoholic  solution  of  hydrogen  chloride  yielded  the  colorless,  extremely  hygroscopic 
dihydrochloride,  which  wis  refined  by  redissolving  it  in  absolute  alcohol  and  pre¬ 
cipitating  it  with  absolute  ether. 

Found  N  7.2O5  Cl  18,95.  Ci4H2602N2SCl2.  Calculated  N  7.84^  Cl  19.81, 

2-p-Acetylaminopnenylsulfonyl-2- (benzoyl) -1-0- by dr oxyphenylethylene  (VI,  R  = 
CeHs).  100  ml  of  pyridine,  5.17  g  (0,01  mole)  of  p-acetylaminophenylphenacyl 
sulfone,  1,5  g  (0,012  mole)  of  salicylaldehyde,  and  a  few  drops  of  piperidine  were 
placed  in  a  three-necked  flask  fitted  with  a  stirrer  and  a  reflux  condenser.  As 
soon  as  tne  piperidine  was  added,'  the  initially  colorless  solution  turned  orange. 

The  reaction  mass  was  then  refluxed  for  7  hours  at  a  bath  temperature  of  100®, 
after  which  it  was  evaporated  in  vacuo  to  small  volume,  the  residual  thick,  dark- 
brown  mass  being  rubbed  in  a  mortar  with  a  mixture  of  diethyl  and  petroleum  ethers 
until  it  turned  into  a  sandy-yellow  powder.  The  powder  was  filtered  out  and  dried 
in  a  vacuum  desiccator.  The  resultant  condensation  product  weighed  5.8  g  (90^ 
yield),  M.p,  70-72®,  The  substance  was  refined  by  dissolving  it  in  acetic  acid 
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and  precipitating  it  with  a  mixture  of  petroleum  and  diethyl  ethers*  The  resulting 
2-p-acetylamlnophenylsulfonyl-2- (benzoyl) -1-o-hydroxyphenylethylene  was  a  light- 
yellow  substance  that  fused  with  decomposition  at  75-77* ,  was  freely  soluble  in 
alcohols,  acetone,  ethyl  acetate,  and  acetic  acid,  slightly  soluble  in  benzene  and 
ligroin,  and  insoluble  in  diethyl  ether,  petroleum  ether,  or  water. 

Found  ^5  N  5.^6^  S  7.3O.  C23H19O5  NS.  Calculated  N  5.52|  S  7.60. 

2-jg-AcetylaminophenylBulfonyl-2- (benzoyl) -l-o-hydroxy-m,m-dibromophenylethylene 

(VII,  R  =  CftHc). 

Experiment  1.  I.05  grams  (O.OO25  mole)  of  2-£-acetylaminophenylsulfonyl-2- 

(benz oy  1 ) - 1- o-hydr oxypheny lethylene  were  dissolved  in  7  nil  of  glacial  acetic  acid  in 
a  flat-bottomed  flask  fitted  with  a  stopper  bearing  a  calcium  chloride  tube  and  a 
dropping  funnel.  The  contents  of  the  flask  were  chilled,  and  a  solution  of  0.44  g 
(0.00275  mole)  of  bromine  in  5  ml  of  glacial  acetic  acid  was  added.  A  brown  mass 
was  produced,  from  which  the  slightly  oily,  yellowish  dibromide  was  isolated  by 
adding  water,  the  dlbromide  crystallizing  completely  when  rubbed  in  a  mortar.  Then 
it  was  pressed  out,  washed  with  water  until  all  the  odor  of  acetic  acid  was  removed, 
and  dried  in  a  vacuum  desiccator.  When  we  tried  to  crystallize  the  dibromide  from 
dichloroethane  or  benzene,  it  dissolved,  but  as  heating  was  continued,  it  settled 
out  of  the  solution  as  a  snow-white  crystalline  precipitate,  the  solution  turning 
yellow.  The  substance  was  filtered  out  and  dried  in  a  vacuum  desiccator.  It 
weighed  i.2  g  (82^  yield),  m.p.  223-225*  (with  decomp.).  The  dlbromide  dissolves 
when  heated  in  glacial  acetic  acid  or  alcohol.  It  is  recovered  from  the  acetic  acid 
solution  as  a  caseous  colorless  precipitate. 

Found  Br  27,26,  C23Hi705NSBr2.  Calculated  Br  27.63. 

Experiment  2.  100  ml  of  pyridine,  3.17  g  (0.01  mole)  of  p-acetylaminophenyl- 
phenacyl  sulfone,  3.38  g  (0.012  mole)  of  dibromosalicylaldehyde,  and  a  few  drops  of 
piperidine  were  placed  in  a  three-necked  flask  fitted  with  a  stirrer  and  a  reflux 
condenser.  The  solution  turned  orange.  The  reaction  mass  was  refluxed  for  7  hoi^rs, 
with  stirring,  at  a  bath  temperature  of  100®.  Then  it  was  poured  a  drop  at  a  time 
into  2500  ml  of  2^  hydrochloric  acid.  The  flocculent  yellow  precipitate  was  fil¬ 
tered  out,  washed  with  water,  and  dried.  It  weighed  4,4  g  (76^  yield).  After  it 
was  dissolved  in  dichloroethane,  a  light  cream-colored  precipitate  with  a  m.p,  of 
222-224®  (with  decomp.)  settled  outj  the  mixed  melting  point  of  which  with  the 
dlbromide  produced  in  Experiment  1  exhibited  no  depression, 

2 -p-Aminophenylsulfonyl-2- (benzoyl) -1-o-hydroxpheny lethylene  (VIII,  R  CsHs), 
1  gram  of  2 -£-acetyl^Tnophenyl-2- (benzoyl) -l^-hydr oxypheny lethyle’ne  was  dissolved 
in  12  mi  of  glacial  acetic  acid  within  a  round-bottom  flask  fitted  with  a  reflux 
condenser,  and  4  ml  of  dilute  hydrochloric  acid  (1:1)  were  added  to  the  solution. 

The  flask's  contents  were  refluxed  for  6  hours  on  a  water  bath,  turning  dark  red. 
After  the  6  hours  had  elapsed,  activated  charcoal  was  added  to  the  flask,  and  the 
mixture  was  heated  for  another  30  minutes.  Then  the  charcoal  was  filtered  out, 
and  the  yellow  amino  product  was  precipitated  from  the  filtrate  with  aqueous 
ammonia.  It  weighed  0.8  g  (89^  yield),  with  a  m.p.  of  94-102°  (with  decomp.). 

The  amine  was  refined  by  chilling  and  agitating  it  for  3  hours  with  100  ml  of 
dilute  hydrochloric  acid  (2:1).  This  caused  the  bulk  of  the  substance  to  dissolve, 
the  balance  turning  into  a  tar,  yielding  a  brown  acid-insoluble  deposit.  It  was 
filtered  out,  the  filtrate  being  heated  with  charcoal  to  decolorize  it,  and  an 
amine  was  crystallized  from  10’^  alcoholj  this  yielded  pure  2-p-aminophenylsulfonyl- 
2- (benzoyl) -1- o-hydr oxyphenylethylene  as  a  colorless  crystalline  substance  with  a 
m.p.  of  9Q-IOO*  (with  decomp.).  It  was  freely  soluble  in  acetic  acid,  acetone,  and 
alcohol,  insoluble  in  ether,  petroleum  ether  or  ligroin,  and  slightly  soluble  in 
weak  hydrochloric  acid^  strong  hydrochloric  acid  converted  it  into  a  tar,  yielding 
a  brown  deposit  with  an  indeterminate  melting  point. 
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Found  N  3.9O5  S  8.20.  C21H17O4NS.  Calculated  N  5.695  S  8.4i^•. 

2-2-Acetylaminophenylsulf onyl-  (p  ’ -acetylaminobenzoyl) -1-o-hydr oxyphenyl- 

ethylene  (VI.  R  =  CrH^NHCOCHc^)  .  100  ml  of  pyridine,  3-74  g  (0.01  mole)  of 

£-acetylaminophenyl-p’ -acetylaminophenacyl  sulfone,  I.5  g  (0.012  mole)  of 
salicylaldehyde,  and  a  few  drops  of  piperidine  were  placed  in  a  three-necked 
flask  fitted  with  a  stirrer  and  a  reflux  condenser.  The  reaction  mass  was 
stirred  and  refluxed  for  7  hours  (100®  bath  temperature),  the  deposit  of  p- 
acetylaminophenyl-p'-acetyiaminophenacyl  sulfone  gradually  dissolving.  When 
all  of  the  deposit  had  dissolved,  the  reaction  was  complete.  The  solution  was 
evaporated  in  vacuo  to  small  volume,  the  thick,  dark-brown,  tarry  residue  being 
rubbed  in  a  mortar  with  ether.  The  resultant,  sand-colored  powder  was  filtered 
out,  washed  with  ether,  and  dried  in  a  vacuum  desiccator.  It  weighed  4  g 
(83^  yield);  m.p.  98-102®.  The  substance  was  purified  by  dissolving  it  in 
acetic  acid,  agitating  the  solution  with  charcoal,  filtering  out  the  latter, 
and  using  ether  to  precipitate  the  2-p-acetylaminophenylsulfonyl-2- (p' -acetyl¬ 
aminobenzoyl)  -1-p-hydroxyphe  nyle  thy  lene  as  a  light-yellow  deposit  that  had  a 
m.p,  of  104-106®  (with  decomp.).  The  substance  was  freely  soluble  in  ethyl 
acetate,  alcohol,  acetone,  acetic  acid,  and  pyridine,  and  insoluble  even  when 
heated  in  benzene,  ligroin,  ether,  petroleum  ether,  or  water. 

Found  N  5.76;  S  6.55.  C25H22O6N2S.  Calculated  N  5.86;  S  6.69. 

2-p-Acetylaminophenylsulf onyl-2- ( p ’ -acetylaminobenzoyl) -1-o-hydr oxy- 
m,m-dibromophenylethylene  (VII,  R  =  CsH^NHCOCHs) . 

Experiment  1.  1.2  grams  (0.0025  mole)  of  2-p-acetylaminophenylsulfonyl- 

2- (p’ -acetylaminobenzoyl) -1-p-hydroxyphenylethylene  were  dissolved  in  7  ml  of 
glacial  acetic  acid  in  a  flat-bottomed  flask  closed  with  a  rubber  stopper 
bearing  a  calcium  chloride  tube  and  a  dropping  funnel.  The  contents  of  the 
flask  were  chilled,  and  a  solution  of  0.44  g  (0.00275  mole)  of  bromine  in 
5  ml  of  glacial  acetic  acid  was  added  to  it  from  a  dropping  funnel,  throwing 
down  a  caseous  white  precipitate  of  the  dlbromide.  The  latter  was  filtered 
out,  washed  with  water  until  the  odor  of  acetic  acid  had  disappeared,  and 
dried  in  a  vacuum  desiccator.  This  yielded  0,96  g  (60^  yield)  of  the  dibromide 
as  a  colorless  precipitate  with  a  m.p.  of  110-113°  (with  decomp.),  which 
yellowed  upon  standing.  After  crystallization  from  dlchloroethane  (70  ml), 
it  was  a  colorless  substance  that  was  soluble  in  alcohols,  acetone,  and  acetic 
acid,  and  insoluble  in  water,  benzene,  ligroin,  or  petroleum  ether.  M.p. 

115-117°  (with  decomp,). 

Found  Br  24.75-  C25H2o06N2SBr2.  Calculated  Br  25. I5. 

Experiment  2.  100  ml  of  pyridine,  3-74  g  (0.01  mole)  of  p-acetylaminophenyl- 

p’-acetylaminophenacyl  sulfone,  5*36  g  (0.012  mole)  of  dibromosalicylaldehyde,  and 
a  few  drops  of  piperidine  were  placed  in  a  round-bottomed  flask  fitted  with  a 
stirrer  and  a  reflux  condenser;  the  solution  turned  orange.  The  reaction  mass 
was  then  stirred  and  refluxed  for  7  hours  at  a  bath  temperature  of  100®,  and 
poured  out,  a  drop  at  a  time,  into  25OO  ml  of  2^  hydrochloric  acid.  The 
flocculent  yellow  precipitate  was  filtered  out,  washed  with  water,  and  dried. 

It  weighed  5*4  g  (84^  yield).  The  substance  had  a  m.p.  of  115-117°  (with 
decomp.)  after  crystallization  from  dichloroe thane,  and  its  mixed  melting  point 
with  the  dibromide  produced  in  Experiment  1  exhibited  no  depression. 

2-_g-Aminophenylsulf  onyl-2-  (^  ’  -aminobenzoyl)  -1-o-hydr  oxyphenylethylene 
(VIII>~h  =  C6H4N112) .  A  mixture  of  1  g  of  2-£-acetylaminophenylsuifonyl-2- 
(p* -acetylaminobenzoyl) -1-o-hydroxyphenylethylene,  12  ml  of  glacial  acetic 
acid,  and  4  ml  of  dilute  hydrochloric  acid  (l:l)  was  refluxed  for  2  hours  in  a 
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round-bottomed  flask  at  a  bath  temperature  of  85-90" •  Toward  the  end  of  the 
reaction  a  red-brown  solution  was  produced.  The  solution  was  cooled  and 
treated  with  aqueous  ammonia  until  its  reaction  was  alkaline  with  phenolph- 
thalein.  The  amino  compound  was  thrown  down  as  0.75  g  (91^  yield)  of  a  yellow 
precipitate  with  a  m.p.  of  119-122®  (with  decomp.).  The  substance  was  purified 
by  dissolving  it  in  hydrochloric  acid  and  reprecipitating  it  from  the  solution 
with  aqueous  ammonia.  The  resulting  2-2-amlnophenylsulfonyl-2-(p’-amlnobenzoyl)- 
1-o-hydroxyphenylethylene  was  a  light-yellow  substance  with  a  m.p.  of  124-126® 

(with  decomp.),  soluble  in  alcohol,  acetone,  acetic  acid,  and  hydrochloric  acid, 
and  insoluble  in  benzene,  ether,  or  ligroin. 

Found  N  6.8l;  S  8.15.  C21H18O4N2S.  Calculated  N  T-lOj  S  8.12. 

SUMMARY 

1.  12  aminoaryl  3-ketosulfones  and  their  derivatives  hitherto  not  described 
in  the  literature  have  been  synthesized. 

2.  The  acidic  properties  of  the  methylene  groups  in  two  3-ketosulfones-:  -p- 
acetylaminophenylphenacyl  sulfone  and  p-acetylaminophenyl-p ' -acetylaminophenacyl 
sulfone — have  been  investigated,  and  it  has  been  found  that: 

a)  The  hydrogen  atoms  of  the  methylene  group  in  p-acetylaminophenylphenacyl 
sulfone  react  both  with  alkyl  halides,  yielding  monoalkyl  substitution  derivatives, 
and  aldehydes,  yielding  ethylene  derivatives 5 

b)  The  hydrogen  atoms  of  the  methylene  group  in  p-acetylamlnophenyl-p ' -acetyl- 
aminophenacyl  sulfone  do  not  yield  a  condensation  product  when  the  sulfone  is 
reacted  with  alkyl  halides  under  the  conditions  employed  for  the  p-acetylamino- 
phenylphenacyl  sulfone,  but  when  it  is  reacted  with  aldehydes  they  yield 
ethylene  derivatives,  as  in  the  case  of  p-acetylaminophenylphenacyl  sulfone; 

c)  The  ethylene  derivatives  produced  by  reacting  p-acetylaminophenylphenacyl 
sulfone  and  p-acetylaminophenyl-p’ -acetylaminophenacyl  sulfone  with  salicyl- 
aldehyde  react  with  bromine,  yielding  dibromldes;  the  bromine  is  not  added  at 

the  double  bond,  however,  but  enters  the  ring  of  the  sallcylaldehyde  group; 

d)  Hydrolyzing  the  acetyl  groups  in  the  resulting  ethylene  derivatives 
yields  amino  compounds  whose  double  bond  cannot  be  hydrogenated  at  standard 
pressure  and  room  temperature  by  Raney's  nickel  catalyst  or  by  Adams'  platinum 
catalyst. 
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SYNTHESIS  OF  AMINOSULFIDES  AND  AMINOSULFONES 


IX.  A  NEW  TYPE  OF  DIAMINOSULFONES 
lo  Kh.  Feldman  and  A.  E.  Gavrilova 

The  drugs  known  as  sulfanilamides  (streptocide,  sulfidine,  sulfazole, 
etc.)  have  played  a  major  role  in  the  history  of  the  development  of  c heliotherapy 
in  general  and  in  the  chemotherapy  of  infectious  diseases  in  particular.,  It  is 
hard  to  exaggerate  the  importance  of  this  group  of  drugs  in  medical  practice 
and  veterinary  medicine  in  the  treatment  of  coccus  and  other  infections  of  man 
and  animals.  We  know  that  antibacterial  activity  is  a  property  in  some  degree 
or  another  of  sulfanilamides  with  the  structure  of  NHsCeitirSOaR,  where  R  is  an 
ammonia  residue  or  an  organic  amine.  At  the  beginning  of  World  War  II  Domagk 
and  others  [1]  synthesized  a  new  preparation  called  "  marphanil**  with  the 
structure  of  NH2CH2C6H4SO2NH2,  which  differed  from  sulfanilamide  (white 
streptocide)  only  in  having  a  benzyl  radical  instead  of  a  phenyl  radical, 
so  that  this  series  of  compounds  could  be  called  homosulfonamides.  According 
to  the  literature,  marphanil  proved  to  be  especially  active  against  the 
organism  causing  gas  gangrene. 

The  greatest  interest  attaches  to  the  fact  that  paraaminobenzoic  acid, 
which  Is  an  antagonist  of  sulfanilamide  and  its  derivatives,  exerts  no  re¬ 
tarding  effect  upon  the  action  of  marphanil  on  microbes.  We  were  interested 
in  the  chemical  behavior  and  the  antibacterial  properties  of  a  series  of 
compounds  in  which  the  methylene  group  would  not  be  located  between  the  phenyl 
radical  and  the  aromatic  amine  as  in  marphanil,  NH2CH2C6H4SO2NH2,  but  between 
the  suifonyl  group  and  the  aliphatic  amine,  NH^ 6H4SO2C H2NH2 .  Compounds  of 
this  sort  are  true  sulfones,  even  though  they  contain  an  SO2  group  and  an 
amine  residue,  since  the  SO2  group  is  located  between  two  carbon  atoms. 

To  secure  compounds  of  this  type  we  started  out  with  £-acetarainophenyl- 
sulfinic  acid,  which  was  prepared  by  the  method  referred  to  in  the  literature^ 
[2]„  We  found  that  it  readily  added  one  molecule  of  formaldehyde  in  aldohol, 
yielding  p-acetylaminophenylmethylol  sulfone  (l).  The  hydroxyl  group  in 
this  compound  is  highly  active,  reacting  readily  with  ammonia,  and  with 
primary  and  secondary  amines  to  yield  sulfones  of  varying  degrees  of  stability 
to  acids  or  alkalies. 

CH;-,C0NHC6H4S02H  +  H2CO  - y-  CH3C0HNC6H4S02CH20H. 

(I) 

The  £-acetaminophenyl  methylol  sulfone  (methylol)  undergoes  no  change  when 
dissolved  in  hot  waterj  when  heated  with  acids  or  alkalies,  it  breaks  down, 
while  the  methylol  reacts  with  acetic  anhydride  to  yield  the  acetic  ester 
CH3C0HNC8H4S02CH20C0CH3  (II). 

When  the  methylol  is  condensed  with  aniline  in  absolute  alcohol,  we  get 
the  corresponding  amine,  CH3COHNC6H4SO2CH2NHC6H5  (III),  one  molecule  of  water 
being  evolved.  This  compound  resists  the  action  of  dilute  acids  and  alkalies 
fairly  well.  When  it  is  heated  with  1:1  hydrochloric  acid,  the  acetyl  group 
is  hydrolyzed,  yielding  the  free  amine,  H2NC6H4S02CH2HNCeH5  (IV).  The 
condensation  product  of  methylol  and  2-amlno-4-methylthiazole  (V)  has 
approximately  the  same  properties.  When  the  resultant  it--acetaminophenyl 
(2 ’ -amino-4 ' -methylthiazolyl)  methane  sulfone  is  hydrolyzed  with  dilute 
(1:1)  hydrochloric  acid,  we  get  the  free  amine  (VI); 
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On  the  other  hand,  the  condensation  products  of  methylol  and  2-aniino- 
thlazole  (VIl),  2-aminopyridine  (VIIl),  and  ammonia  (IX)  are  unstable  in  the 
presence  of  dilute  acids  and  alkalies.  All  endeavors  to  hydrolyze  the  acetyl 
group  in  these  compounds  resulted  in  a  mixture  of  substances.  Either  the 
initial  products  or  p-acetaminophenylsulf inic  acid  can  be  isolated  from  the 
reaction  products,  depending  upon  the  acid  employed  (hydrochloric  or  acetic), 
its  concentration,  and  the  temperature  at  which  hydrolysis  is  performed. 


CH— 

I 

1  ^CNH::H2S0pC6H4NHC0CHi3 
CH— S 

f 

(VII) 

1 

CH3GOHNC6ILSO2C  H2HN—  / 

(VIII) 

N 

C  H3C  OHNC  sH^  SOpC  H^NHp 

(IX) 

When  the  condensation  product  of  methylol  and  the  diethylamlne  p-acet- 
aminophenyl  (diethylamino)  methane  sulfone  CHaC0HNC6H4S02CH2N(C2H5)2  (X)  Is 
hydrolyzed  with  dilute  hydrochloric  acid,  we  can  isolate  a  small  quantity  of 
the  free  amine  H2NC6H4SD2CH2N(G2H5)2  (XI). 

EXBERIMENTAL 

p^AcetamlnophenylsuIfonylmethylol  (I) .  50  grams  (0.15  mole)  of  p »acet- 

aminophenylsulfihic  acid  and  I50  ml  of  absolute  ethyl  alcohol  heated  to  60® 
were  placed  in  a  round -bottomed  flask  fitted  with  a  reflux  condenser  and  a 
mechanical  stirrer,  and  the  mixture  was  stirred  while  I8  g  (0.24  mole)  of  40^ 
formaldehyde  were  added.  At  first  a  solution  was  produced,  from  which  a  white 
precipitate  soon  settled  out.  The  reaction  mass  was  heated  to  50-60^  for  an 
hour 5  when  it  had  cooled,  the  precipitate  was  filtered  out  and  dried  in  a 
vacuum  desiccator.  M.p.  I65-I6U*' 5  weight  51  g  (89,9^  of  the  theoretical). 

The  substance  crystallized  from  ethyl  alcohol  as  lamellae  with  a  m.p.  of 
161-162^'  .  It  was  soluble  in  hot  water,  alcohol,  and  acetone,  and  insoluble 
in  ether,  benzene,  or  chloroform. 

Found  N  5o95|  S  15o99^  C9H11O4NS.  Calculated  N  6.Uj  S  15o97o 

Acetic  ester  of  p-acetaminophenylsulfonylmethylol  (II).  10  grams  of 

p-acetaminophenylsulfonyimethyiol  were  heated  to  ^5-9o"  for  ""three  hours 
with  50  ml  of  acetic  anhydride  in  a  round -bottomed  flask  fitted  with  a  reflux 
condenser.  The  reaction  yielded  a  solution,  from  which  a  white  crystalline 
substance  settled  out  upon  coolingj  it  was  filtered  out,  washed  with  water, 
and  dried.  It  weighed  6  g.  Another  4  g  of  the  substance,  with  a  m.p.  of 
195-797  g>  was  secured  from  the  filtrate  by  diluting  it  with  water.  The 
yield  totaled  10  g,  or  84„T'3(>  of  the  theoretical.  The  m.p,  was  199**  after 
crystallization  from  ethyl  alcohol.  The  substance  was  insoluble  in  water, 
ether,  benzene,  dichloroe thane,  or  chloroform. 
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Found  S  lleSl.  C11H13O5NS0  Calculated  S  11, 80. 

p-Acetaralnophenyl  anilyl  methane  sulfone  (III).  10  grams  (0,043  mole) 
of  £-a'cetamlnophenylsuironyimethylol  and  50  ml  of  absolute  ethyl  alcohol  were 
placed  in  a  round-bottomed  flask  fitted  with  a  mechanical  stirrer  and  a  reflux 
condenser  and  stirred  while  4,5  g  (0.48  mole)  of  aniline  were  added.  The 
mixture  formed  a  solution  when  heated  to  50*5  solution  was  heated  to  70*, 
and  after  45  minutes  at  that  temperature  a  crystalline  substance  settled  out. 
Heating  was  continued  for  6  hours  at  70-80*.  After  the  mixture  had  cooled, 
the  product  was  filtered  out  and  washed  successively  with  a  2^  alkali  solution, 
water,  and  ether.  This  yielded  9»5  8^  or  75^  of  the  theoretical,  of  dry 
substance  with  a  m.p.  of  I87-I89* .  The  substance's  m.p.  was  raised  to  I9O- 
191*  after  crystallization  from  75^  alcoholj  it  was  cream-colored,  turning 
yellow  in  air 5  it  was  freely  soluble  in  acetone,  dissolving  when  heated  in 
ethyl  alcohol,  and. insoluble  in  water,  ether,  benzene,  or  dichloroethane. 

Found  p.  S  10.305  N  8.83.  C15H16O3N2S.  Calculated  p.  S  10,52|  N  9-2. 

p-Aminophenyl  anilyl  methane  sulfone  (IV).  4  grams  of  p-acetaminophenyl 
anilyl  methane  sulfone  ah3r“20  ml  of  dilute  (isl)  hydrochloric  acid  were  placed 
in  a  round-bottomed  flask  fitted  with  a  reflux  condenser  and  the  mixture  was 
heated  to  80-90“  for  2  hours.  After  the  solution  had  cooled,  aqueous  ammonia 
was  added,  throwing  down  a  precipitate,  which  was  filtered  out,  redissolved  in 
dilute  (ls2)  hydrochloric  acid,  and  reprecipitated  with  aqueous  ammonia.  The 
resultant  precipitate  was  filtered  out,  washed  with  water,  and  dried,  yielding 
3  g,  or  87^  of  the  theoretical.  The  m.p.  of  the  substance  was  205-206*  after 
crystallization  from  ethyl  alcohol.  It  is  white,  turning  yellow  when  exposed 
to  the  air,  dissolves  when  heated  in  ethyl  alcohol,  or  acetone,  and  is  insoluble 
in  water,  ether,  chloroform,  or  benzene. 

Found  p  N  10,55 o  C13H14N2O2S,  Calculated  N  10.68. 

p-Acetaminophenyl  (2 ' -amino-4 'methylthiazolyl)  methane  sulfone  (V). 

10  grains  (0.o43  mole)  of  p-acetaminophenylsulfonylmethylol  and  I50  ml  of 
absolute  ethyl  alcohol  were  placed  in  a  round-bottomed  flask  fitted  with  a 
mechanical  stirrer  and  a  reflux  condenser  and  stirred  while  5  8  (0.043  mole) 
of  2-aminothiazole  were  added.  The  mixture  was  then  heated  to  70“ ,  causing 
everything  to  dissolve,  and  heating  was  continued  at  this  temperature  for 
another  10  hours.  The  reaction  resulted  in  the  precipitation  of  a  white 
crystalline  substance  from  the  solution;  it  was  filtered  out  and  washed 
successively  with  a  5^  alkali  solution,  water,  and  ether.  This  yielded  10  g 
of  dry  substance,  or  71^  of  the  theoretical,  with  a  m.p.  of  210-212*'.  The  m.p. 
was  212-213“  after  crystallization  from  75^  ethyl  alcohol.  The  substance  was 
white,  dissolved  in  ethyl  alcohol  and  acetic  acid,  and  was  insoluble  in  water, 
ether,  benzene,  or  chloroform. 

Found  ^2  N  13.085  S  19.62.  C13H15O3N3S2.  Calculated  p  N  12.92;  S  19.69. 

p-Amlnophenyl  (2 *-ainino-4* -methylthiazolyl)  methane  sulfone  (VI).  10  grams 
of  p-acetaminophenyl  (2*-amino4*methylthiazolyl)  methane  sulfone,  m.p.  212-213*, 
and  60  ml  of  dilute  (l;l)  hydrochloric  acid  placed  in  a  round -bottomed  flask 

fitted  with  a  reflux  condenser,  and  the  mixture  was  heated  to  80-90“  for  2  hours. 
A  solution  was  formed,  to  which  a  lO'jt  alkali  solution  was  added  after  it  had 
cooled.  The  white  precipitate  that  was  thrown  down  was  filtered  out,  washed 
with  water,  and  dried.  It  weighed  8  g  (90^)  and  had  a  m.p.  of  170-173* «  The 
m.p.  was  174*  after  crystallization  from  ethyl  alcohol;  the  substance  was 
insoluble  in  water,  ether,  benzene,  or  chloroform,  and  soluble  in  ethyl  alcohol 
and  acetone. 

Found  p.  N  14.70;  S  22.36.  C 11H13O2N3S2.  Calculated  P  N  l4.84;  S  22. 61. 
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£-Acetaminophenyl  (2 ' -aminothiazolyl)  methane  sulfone  (VIl) o  15  grams 
(0.065~"m6IeT~<^  jg-acetaminophenylsuYforiylmethylol,  75  “1  of  absolute  ethyl 
alcohol,  and  7  g  (0^07  mole)  of  2-aminothiazole  were  placed  in  a  round-bottomed 
flask  fitted  with  a  mechanical  stirrer  and  a  reflux  condenser  and  the  mixture 
was  heated  to  75-80"  and  stirred  for  8  hours „  At  first  a  solution  was  formed, 
from  which  a  white  crystalline  substance  settled  out  as  heating  was  continued. 
After  the  reaction  mixture  had  cooled,  the  substance  was  filtered  out,  washed 
with  ether,  and  dried,  the  m.p.  of  the  technical  product  being  148-150®.  It 
weighed  13  g  (85^  of  the  theoretical  yield).  The  m.p.  rose  to  I5O-I52"  after 
crystallization  from  ethyl  alcohol.  The  substance  dissolved  when  heated  in 
ethyl  alcohol,  acetone,  and  water,  and  was  insoluble  in  ether,  benzene, 
chloroform,  or  dichloroethane. 

Found  N  13.51>  S  20.47o  C12H13O3N3S2.  Calculated  N  13«505  S  20.57« 

£-Acetaminophenyl  (2® -amlnopyridyl)  .methane  sulfone  (VIII).  10  grams 
( 0. 043”moTe)  of  placetaminophenylsulfonylmethylol, *50^  nil  of  absolute  ethyl 
alcohol,  and  5  g  (0.05  mole)  of  2-aminopyridine  were  placed  in  a  round-bottomed 
flask  fitted  with  a  stirrer  and  a  reflux  condenser,  and  the  mixture  was  stirred 
and  heated  to  7O-8O"  for  10  hours.  At  first  a  solution  formed,  from  which  a 
precipitate  later  settled  out.  After  the  mixture  had  cooled,  the  product  was 
filtered  out  and  washed  with  ether.  This  yielded  8.5  g  (85^  of  the  theoretical) 
of  a  white  substance  that  had  a  m.p.  of  158-159*  after  crystallization  from 
ethyl  alcohol.  It  dissolved  when  heated  in  water,  ethyl  alcohol,  and  acetone 
and  was  also  soluble  In  dilute  alkali.  It  was  insoluble  in  ether,  benzene,  or 
chlorofo\^m. 

Foiind  N  13o98,;  Ci4Hi503N3S.  Calculated  N  13o77o 

^-Acetami nophenyl  amlnomethane  sulfone  (IX) .  25  grams  (0.11  mole)  of 

p-acetaminophenylsulfony-methylol  and  100  ml  of  absolute  ethyl  alcohol  were 
placed  In  a  round -bottomed  flask  fitted  with  a  mechanical  stirrer  and  a  reflux, 
condenser  and  stirred  while  I5  ml  (O.I7  mole)  of  20^  aqueous  ammonia  was  slowly 
added.  A  solution  was  formed  at  first,  from  which  a  white  crystal..ine  substance 
settled  out  gradually.  The  reaction  mixture  was  stirred  for  three  hours  at 
room  temperature,  after  which  the  precipitate  was  filtered  out  and  tried^  it 
weighed  23.5  g,  or  9^^  of  the  theoretical  yield,  with  a  m.p.  of  225-226''.  Its 
m.p.  was  226-227®  after  crystallization  from  85*^  ethyl  alcohol.  The  substance 
was  freely  soluble  in  water  and  dilute  alkali,  slightly  soluble  in  ethyl 
alcohol,  and  insoluble  in  ether,  acetone,  benzene,  or  dichloroethane. 

Found  N  12.09^  S  lii.37=  C9H12O3N2S.  Calculated  N  12.28$  S  l4.03. 

£-Ac^tamiTiophenyi  ( dietjiyl^mi^o)  methane  sulfone  (X).  10  g  ( 0.04-3  mole) 
of  p-acet5iilno^enyisulfonylmethyiol,”^0  ml  of  absolute  ethyl  alcohol,  and  3-5  g 
(0.04  mole)  of  diethylamine  were  placed  In  a  round-bottomed  flask  fitted  with  a 
mechanical  stirrer  and  a  reflux  condenser,  and  the  mixture  was  heated  to  5O-60®, 
with  stirring,  for  10  hours.  A  solution  was  formedj  after  it  had  cooled,  acetone 
was  added  until  all  the  reaction  product  had  been  thrown  down.  This  yielded  a 
white  crystalline  substance,  which  was  filtered  out,  washed  with  acetone,  and 
dried.  It  weighed  8.5  g,  or  70^  of  the  theoretical  yield.  Its  m.p.  wes  17O- 
171"  after  crystallization  from  ethyl  alcohol.  The  substance  was  soluble  in 
water  and  ethyl  alcohol  and  insoluble  in  acetone,  benzene,  chloroform,  or 
dichloroethane. 

Found  iai  N  10.06];  S  II.7I0  C13H20O3N2S.  Calculated  N  9.85$  S  11.26. 

^-Aminophenyl  (diethylamino)  methane  sulfone  (XI).  6  grams  of  _p-acet- 

aminoplienyT  ( dietbylamino )  methane  sulfone  and  30  ml  of  12^  hydrochloric  acid 
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were  placed  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser,  and  the 
mixture  was  heated  to  7O-8O®  for  2  hours.  A  solution  formed,  and  after  it  had 
cooled,  aqueous  ammonia  was  added  until  the  reaction  to  litmus  was  alkaline. 
The  solution  was  then  filtered  and  evaporated  in  vacuo  to  small  volume.  Upon 
cooling  a  white  substance  settled  out,  which  was  filtered  and  crystallized 
from  water.  This  yielded  white  crystals  as  needles  with  a  m.p.  of  162-I63® , 
The  substance  was  soluble  in  hot  water,  ethyl  alcohol,  and  acetone  and 
Insoluble  in  benzene  or  chloroform. 

Found  N  11.47.  CnHisOsNsS.  Calculated  N  11. 57. 

SUMMARY 

1.  Ten  compounds  of  a  new  type  of  diamino  sulfones,  RHNC6H4SO2CH2NHR' , 
have  been  synthesized. 

2.  The  initial  product  used  in  synthesizing  this  series  of  sulfones  was 
g-acetaminophenyl  methylol  sulfone,  CH3COHNC6H4SO2CH2OH,  whose  hydroxyl  group 
is  extremely  active,  reacting  readily  with  ammonia  and  with  primary  and 
secondary  amines. 
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EESEAKCH  ON  SULFONATION 


XX.  SULFONATION  OF  SULFO  ACIDS,  THEIR  SODIUM  SALTS,  AND  THEIR  ACID.  HALIDES 
A.  A.  Spryskov  and  A.  I.  Kobenin 

The  chemical  literature  contains  several  references  to  Instances  of 
sulfonation  in  which  sodium  salts  of  sulfo  acids  are  used  instead  of  the  free 
sulfo  acids  in  order  to  investigate  the  relative  velocity  or  degree  of  sulfona¬ 
tion  of  the  sulfo  acid  used,  on  the  assumption  that  the  sulfo  acids  and  their 
sodium  salts  are  sulfonated  at  the  same  rate  [1,  7]*  The  results  of  these 
experiments  cannot  be  considered  irreproachable,  since  there  are  references 
in  the  literature  to  the  catalytic  action  of  salts  of  sodium  and  other  metals 
in  sulfonation.  Behrend  and  Mertelsmann  [2],  for  example,  found,  in  their 
investigation  of  the  rearrangement  of  meta  and  para  dlsulfo  acids,  that  the 
sodium  salts  of  these  acids  are  sulfonated  converting  benzene  into  a  1,5,5- 
trisulfonic  acid,  whereas  the  free  acids  are  not  sulfonated  under  the  same 
conditions.  Ambler  and  Cotton  [5]  believe  that  the  presence  of  sodium  or 
potassium  sulfate  in  the  sulfuration-  mixture  Increases  the  amount  of  benzene 
sulfonated  per  minute.  This  catalytic  action  is  not  very  intense,  however. 

Geizer  and  Korovitskaya  [4]  also  noticed  a  certain  acceleration  of  sulfonation 
by  alkali  metals  when  added  as  sulfates.  Lauer  and  Hirata  [5]  do  not  regard 
the  acclerating  action  of  potassium  sulfate  upon  the  sulfonation  of  anthra- 
qulnone  by  sulfuric  acid  as  catalytic,  since  the  reaction  velocity  returns  to 
nearly  the  initial  value  before  any  additive  is  added  when  the  amount  of 
bisulfate  is  increased;  moreover,  the  reaction  is  retarded  in  oleum. 

According  to  V.  V.  Kozlov’s  experiments  [6],  nearly  twice  as  much  chloro- 
sulfonic  acid  is  required  to  produce  anthraquinone  3-sulfochloride  when  sodium 
sulfate  is  present. 

Research  on  the  process  involved  in  the  introduction  of  a  second  or  third  * 

sulfo  group  during  sulfonation  or  on  the  Isomerization  of  sulfo  acids  is  compli¬ 
cated  by  the  difficulties  arising  in  the  production  of  anhydrous  sulfo  acids, 
which  has  compelled  some  authors  to  employ  sodium  salts  or  salts  of  other  metals 
instead  of  the  acids  in  such  cases  [1,7].  In  our  investigations  we,  too,  have 
encountered  difficulties  of  this  sort.  We  thought  that  the  sodium  salts  could 
not  be  employed  instead  of  the  free  sulfo  acids  in  studying  the  absolute  or 
relative  velocities  of  sulfonation,  desulfonation,  or  isomerization  without 
appropriate  tests.  This  led  us  to  undertake  the  present  research,  in  order  to 
ascertain  whether  sulfonation  of  free  sulfo  acids,  their  sodium  salts,  and  their 
acid  halides  yielded  the  same  results,  all  other  conditions  being  equal. 

Dehydrated  3- naphthalene sulfonic  acid  and  p-toluenesulfonic  acid,  as  well 
as  their  sodium  salts  and  halides,  were  sulfonated  with  sulfuric  acid  or 
chlorosulfonic  acid.  The  p-toluenesulfonic  acid  was  likewise  sulfonated  with 
anhydrous  sodium  sulfate  present. 

Sulfonation  with  sulfuric  acid.  The  experiments  on  the  relative  sulfonation 
rate  were  run  by  heating  the  substance  to  be  sulfonated  to  100°  in  sealed  tubes 
together  with  sulfuric  acid.  The  chlorides  were  sulfonated  in  tubes  that  were 
closed  by  a  stopper  with  a  Bunsen  valve  for  the  free  escape  of  hydrogen  chloride. 
The  results  of  our  experiments  on  the  sulfonation  of  3-naphthalene  sulfo  deriva¬ 
tives  are  listed  In  Table  1.  From  5*5  to  5  moles  of  sulfuric  acid  were  used  per 
mole  of  the  substance  to  be  sulfonated  in  all  the  experiments  in  order  to  perform  • 
the  reaction  in  a  homogeneous  system.  The  acid  chloride  is  very  poorly  soluble 
in  92^  sulfuric  acid,  so  that  a  two-phase  system  was  constituted  at  the  beginning 
of  sulfonation  in  every  instance.  The  chloride  was  hydrolyzed,  however,  and  the 

355 


reaction  mass  became  homogeneous  within  1,5  "to  2.5  hours.  All  the  hydrogen  chloride 
was  removed  from  the  reaction  zone.  The  test  results  given  in  Table  1  show  that  the 
acid  chloride  is  sulfonated  most  readily.  I^drolysis  of  the  chloride  requires  1 
mole  of  water  as  follows: 

Table  1 


Sulfonation  of  B-Naphthalene sulfonic  Acid,  of  its  Chloride,  and  of  its  Sodium 
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which  is  why  the  chloride  exhibits  the  highest 

;  percentage  sulfonation.  The  last 

column  in  Table  1  gives  the  concentration  of  sulfuric  acid  in  the  reaction 
^mixture,  the  figure  being  always  some  4-5'5^  higher  than  its  concentration  in 
the  reaction  mixture  after  sulfonation  of  the  free  sulfo  acid. 

As  for  the  sulfonation  of  the  sodium  salt  of  the  sulfo  acid,  its  §tilfonation 
is  always  much  slower  than  that  of  the  chloride  or  of  the  free  sulfo  acid,  not¬ 
withstanding  the  fact  that  the  concentration  of  sulfuric  acid  in  the  mixture  is 
always  higher  than  in  the  experiments  on  the  sulfonation  of  the  sulfo  acid.  The 
heterogeneity  of  the  reaction  mixture,  even  though  temporary,  cannot  be  the  reason 
for  the  lower  rate  at  which  the  sodium  salt  of  the  sulfo  acid  is  sulfonated,  since 
the  salt  dissolves  in  3.5-5  moles  of  sulfuric  acid  within  10-15  minutes.  The 
weaker  dehydrating  action  of  the  sulfo  acid  salt  than  that  of  the  free  sulfo 
acid  might  be  the  cause.  The  initial  sodium  salt  of  the  acid  or  the  resultant 
acid  salt  of  the  disulfo  acid  cannot  attract  as  much  water  as  can  be  attracted 
by  a  free  mono  or  disulfo  acid,  thus  increasing  the  sulfuric  acid  concentration 
somewhat.  If  an  exchange  reaction  takes  place  between  the  salt  and  the  sulfuric 
acid,  this  lowers  the  concentration  of  the  sulfuric  acid,  owing  to  the  formation 
of  a  bisulfate.  This  conjecture  is  not  borne  out,  however,  as  is  indicated  by 
our  tests  on  sulfonating  the  sodium  salt  of  p-toluenesulfonic  acid  with  a  single 
mole  of  sulfuric  acid,  as  compared  to  the  sulfonation  tests  of  the  ftree  acid, 
the  results  being  tabulated  in  Table  2, 

Thus,  more  sulfuric  acid  was  used  per  mole  in  Tests  28,35 ^  and  i<-l  than  in  the  . 
corresponding  Tests  27,  3^^  and  40;  nevertheless,  the  degree  of  sulfonation,  here 
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3.60 

0.  0.0068 

26 

96.1 

L  58 

Salt 

3.58 

0,0076 

2 

93.2 

30 

r'  i 

3.839 

0.0142  ! 

19 

91.6 

31 

Acid 

4.381 

0.0100 

Na2S04  8 

92.2 

32 

»  L 

1  r 

3.837 

0.0146 

0.51 

94.4 

100  < 

jChlorideC 

93.00 < 

33 

L; 

3.839 

0.0146 

Water  1  l4 

91.3 

i  ' 

1.00  1 

i  ■  r’ 

3.840 

0.0142 

1  1 

92.2 

.  35 

.Salt  • 

4.841 

0.0144 

'  3 

92,1 

p  36 

ri  J| 

2.478 

0.0070 

■  20 

96.8 

37 

iAcid  c 

3.062 

0.0078 

Na2S04  12 

98.3 

i  ^ 

0.51 

■  38 

!  f' 

, 

2.681 

1  0.0076 

84 

99.0 

39 

25  < 

‘  Chlorides 

98.90  < 

2.461 

■  0.0070 

Water  '  17 

96.4 

4o 

I 

1 

;  L 

Salt  <1" 

2.478  ; 

0.0068 

1.06  1 
■  2 

98.3 

L  4i 

Li 

- 

3.468  1 

0.0074 

! 

!  6 

1 

98.1 

too,  is 

much  lower  than  ir 

1  1 

the  sulfonation  of  the  free  acid 

[Tests  25,30,  and  36). 

Thus,  the  presence  of  sodium  as  a  salt  retards  sulfonation.  This  is  borne  out  ly 
the  results  of  Tests  55 ^  31^  and  in  which  the  free  acid  was  sulfonated  with 
the  addition  of  half  a  mole  of  anhydrous  sodium  sulfate  and  half  a  mole  of 
sulfuric  acid,  since  the  sulfate  converted  into  the  bisulfate  requires  just  as 
much  sulfuric  acid.  The  presence  of  the  sodium  sulfate  also  diminishes  the 
sulfonation  rate,  though  not  as  much  as  when  the  sodium  is  introduced  as  a 
sulfonate. 

The  p-toluenesulfonyl  chloride  is  likewise  sulfonated  faster  than  the  free 
acid  or  its  sodium  salt.  To  prove  that  this  increase  in  velocity  is  due  solely 
to  the  increase  in  the  concentration  of  the  sulfuric  acid  when  the  chloride  is 
hydrolyzed,  we  added  1  mole  of  water  per  mole  of  the  chloride  in  Tests  33  and  39^ 
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which  made  the  per  cent  sulfonation  approach  that  for  the  sulfo  acid  (in  Test  35 
the  per  cent  sulfonation  was  somewhat  lower,  since  the  chloride  is  hydrolyzed 
gradually,  two  layers  being  observed  even  two  hours  after  the  start  of  the  run). 

The  foregoing  experiments  show  that  sodium  greatly  retards  the  sulfonation 
reaction,  whether  it  is  added  as  the  sulfonate  or  the  sulfate.  We  know  that 
sodium  bisulfate  and  other  alkali  bisulfates  dissolved  in  sulfuric  acid  are 
conductors  and  lower  the  freezing  point  by  12  to  15®  per  mole  (instead  of  the 
6.154®  per  mole  of  a  nonelectrolyte),  which  means  that  1  mole  of  the  salt 
yields  two  moles  of  solute— 1  mole  of  sodium  ions  and  1  mole  of  bisulfate  ions. 

The  action  of  sodium  salts  may  be  regarded  as  resembling  that  of  water, 
since  the  reactions  of  water,  sulfate,  and  sulfonate  with  sulfuric  acid  are 
as  follows; 

H2SO4  +  K2O  ^  +  HSO4’ 

H2SO4  +  S04,‘"  ^  2HS04‘ 

H2SO4  +  ArSOa*  -  HS04‘  +  ArSOaH 

This  analogy  is  substantiated  by  the  fact  that  just  as  the  addition  of 
water  to  strong  sulfuric  acid  increases  its  acidity  function,  the  acidity 
function  of  concentrated  acid  solutions  is  increased  by  the  introduction  of  a 
salt.  In  both  instances  the  base  HSO4  is  introduced. 

Sulfonation  with  chlorosulfonic  acid.  Table  3  gives  the  results  of  our 
tests  of  sulfonating  p-toluenesulfonic  acid  and  its  derivatives  with 
chlorosulfonic  acid.  In  the  first  set  of  experiments,  the  sulfo  acid,  its 
salt,  and  its  chloride  were  sulfonated  with  5  moles  of  chlorosulfonic  acid, 
the  sulfo  mixture  being  poured  over  ice,  and  the  chloride  filtered  out.  The 
yield  of  the  disulfochlor Ide  was  highest  when  the  chloride  was  sulfonated. 

The  yield  of  the  disulfochlor ide  from  the  sodium  salt  was  only  2/3  the  yield 
secured  from  the  free  sulfo  acid  and  half  the  yield  secured  from  the  chloride. 
Moreover,  the  melting  point  of  the  resultant  disulfochlor ide  indicates  that  a 
product  of  the  highest  quality  is  secured  when  the  chloride  is  sulfonated, 
the  quality  being  lowest  when  the  salt  is  sulfonated.  Inasmuch  as  the 
sulfochloride  and  the  sulfo  acid  are  in  equilibrium  in  the  medium  consisting 
of  a  mixture  of  sulfuric  and  chlorosulfur ic  acids  [8],  it  must  be  supposed 
that  when  sodium  is  present,  the  equilibrium 


SO2CI 

+  ^aHS04  +  H2SO4 


will  have  a  different  constant  than  the  system  in  which  no  metal  is  present, 
this  equilibrium  being  shifted  strongly  toward  the  formation  of  a  salt  of  the 
sulfo  acid.  Thus,  it  is  highly  disadvantageous  to  use  the  sodium  salt  of  a 
sulfo  acid  as  the  initial  product  if  we  wish  to  secure  a  disulfochlor ide  by 
means  of  chlorosulfonic  acid. 


On  the  assumption  that  all  the  initial  product  is  converted  into  a  disulfo 
derivative  in  a  reaction  with  chlorosulfonic  acid  and  that  the  yield  of  the 
dichloride  after  the  reaction  is  terminated  depends  solely  upon  the  proportions 
of  the  chlorosulfonic  acid,  the  sulfuric  acid,  and  the  sodium  bisulfate,  we  ran 
a  second  series  of  tests,  in  which  enough  sulfuric  acid  monohydrate  or  sodium 
sulfate  was  introduced  into  the  system  to  leave  I.5  moles  of  chlorosulfonic 
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acid,  1.5  moles  of  sulfuric  acid,  and  1  mole  of  the  bisulfate  in  the  system  after 
the  reaction  was  over  in  every  run.  The  results  of  this  series  of  tests  (Nos.  51, 
52,  and  55)  indicate  that  the  dichloride  yield  remained  nearly  the  same,  but  that 
the  percentage  of  the  monos ulfochloride  in  the  product  secured  from  the  salt  was 
higher  than  in  the  other  tests,  to  judge  by  the  lowering  of  the  melting  point  of 
the  reaction  product.  This  shows  that  here,  again,  the  reaction  is  slower  when 
the  salt  is  sulfonated  than  when  the  chloride  or  the  acid  is  sulfonated. 

Table  3 


Sulfonation  of  p-Toluenesulfonic  Acid,  its  Chloride,  and  its  Sodium  Salt  With 


Chlorosulfonic  Acid  at  100®  for  3  Hours 

I - -  -I - ^ - 


^ ^ — 
Test j Substance  Water 

No.  Sulfo-  1  in 

nated  !  Sulfo 
Acid, 
Moles 

- P 

1 

Moles  used  per  mole  of 
the  sulfo  derivative 

■"  *  1 

Bichloride 
yield  as 
^  of  the 
theoretical 

Melting  point 
of  the  dichloride 
produced 

HSO3CI 

H2SO4 

. 

NagSO^ 

49 

•Chloride 

— 

4.94 

-  ! 

84.0 

50—55 

48 

Acid 

0.08 

5.19 

— 

-  1 

68.8 

48 — 52 

50 

Salt 

5.08 

-  ' 

44.5 

4o— *48 

52 

Chlof Ide 

3.35 

1.02 

0.49 

32.7 

50—53 

51 

Acid 

0.08 

4.44 

— 

0.50  • 

33.1 

48^52 

53 

Salt 

- 

4.40 

0.51 

i 

36.1 

3C^35 

Thus,  in  sulfonating  with  chlorosulfonic  acid,  as  was  the  case  with 
sulfuric  acid,  the  reaction  is  easiest  with  the  sulfochloride,  more  difficult 
with  the  sulfo  acid,  and  still  more  difficult  with  the  sodium  salt  of  the  sulfo 
acid. 

Description  of  Experiments 

The  free  3-naphthalenesulfonic  acid  was  prepared  in  the  usual  manner  as  a 
monohydrate  with  a  molecular  weight  of  228  by  titration  with  O.IN  alkali.  The 
acid  was  used  to  prepare  the  salt,  the  latter  yielding  the  chloride  with  a  m.p. 
of  75"  when  treated  with  phosphorus  pentachloride. 

Technical  p-toluene  sulfochloride  was  crystallized  from  ether,  distilled  in 
vacuo,  and  recrystallized  from  ether,  having  a  m.p.  of  69®  after  this  refining. 

The  acid  was  prepared  by  saponifying  the  sulfochloride,  the  acid  yielding  the 
sodium  salt. 

The  sulfo  acids  were  dehydrated  by  heating  them  in  test  tubes  to  a  temperature 
not  in  excess  of  100®  inside  a  vacuum  desiccator  over  pieces  of  sodium  hydroxide. 
The  amount  of  residual  water  in  the  sulfo  acid  was  determined  from  the  loss  of 
weight  of  each  test  tube.  Complete  dehydration  required  either  too  long  heating 
or  a  higher  temperature,  entailing  the  formation  of  sulfones  and  tars  in  the 
acid,  as  indicated  by  the  formation  of  a  turbid  solution  when  the  sulfo  acid  is 
dissolved  in  water. 

After  about  1  gram  of  the  substance  to  be  sulfonated  had  been  heated  with 
the  sulfuric  acid,  the  mixture  was  dissolved  in  water,  the  solution  diluted  to 
make  5OO  ml,  and  50  ml  of  it  titrated  with  O.IN  alkali.  The  percentage  of 
substance  sulfonated  was ‘determined  from  the  difference  between  the  acid 
equivalents  before  and  after  the  run.  Inasmuch  as  the  excess  of  sulfuric  acid 
was  frequently  substantial,  this  difference  proved  to  be  quite  small,  so  that 
the  accuracy  of  our  determinations  of  the  percentage  of  disulfo  acid  formed  did 
not  exceed  1-2^. 


The  substances  synthesized  and  their  properties  are  listed  in  the  table, 


No. 


Formula 


'  Melting  M.p.  given 

Point  in  the  literature 


- C(C6H40CH3-p)2 

^CO 

NH 


156-157°  !  156-157°  [3] 


:C(C6H40GH3-p)2 

CO 


CH3O  NH 


212-215 


C2H50r  '  I - jC(C6H40CH3-p)2 

''CO 

NH 

HNr  I  CO 

C{C6H40CH3-p)2 


179-180 


199-201  I 


^  (p-Cfi30CeH4)2  0| —  I  CO 


Wd 


270  ' 


Br 


•CfCsH40CH3-p)2 


^CO 

NH 


209-211  211  [k] 


Br 


jC(C6H40CH3-p)2 

'’CO 


NH 


193-19^  I  193-19^  [^] 


EXPERIMENTAL 

Ethyl  ester  of  m-bromoxanilic  acid.  This  was  prepared  by  heating  13  g  of 
m-bromaniline  with  17  g  of  ethyl  oxalate.  It  is  insoluble  in  water  and  soluble 
in  organic  solvents.  It  crystallizes  from  alcohol  as  colorless  prisms  with  a  m.p. 
of  127°.  The  yield  was  12  g,  or  69.^^  of  the  theoretical.  We  are  the  first  to 
have  prepared  the  ethyl  ester  of  m-bromoxanilic  acid. 

0.1572  g  subs;  0.104l  g  AgBr.  Found  Br  28. 18.  CioHio03NBr.  Calculated  %% 

Br  28.35. 

m-Bromanilide  of  4,L*-dimethoxybenzillc  acid_.  Initial  substances;  8.1  g  of  the 
ethyl  ester  of  m-bromoxanilic  acid,  56.1  g  of  p-iodanisole,  and  5.4  g  of  magnesium. 
The  anilide  is  insoluble  in  water  or  gasoline,  though  it  is  soluble 
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in  ether,  alcohol,  acetic  acid,  and  benzene.  It  colors  concentrated  sulfuric  acid 
violet,  the  color  disappearing  completely  upon  heating  or  prolonged  standing.  It 
crystallizes  from  alcohol  as  colorless  needles  with  a  m.p.  of  149.5“ •  The  yield 
was  8.5  g,  or  63.68^  of  the  theoretical.  We  are  the  first  to  have  produced  the 
m-bromanilide  of  4,4 ' -dimethoxybenzilic  acid. 

0.1227  g  substance;  O.O52O  g  AgBr.  O.1387  g  substance;  O.O581  g  AgBr. 

Found  Br  18.O3,  17.82.  C22H2o04NBr.  Calculated  Br  18.O8. 

Anilide  of  4 ,4 * -dimethoxybenzllic  acid.  The  following  were  used  for  the 
reaction;  3-3  g  of  ethyl  oxanilate,  19.7  g  of  p-iodanisole,  and  2.1  g  of  magnesium. 
The  reaction  mass  was  decomposed  with  a  solution  of  a::mionium  chloride,  and  the 
reaction  product  extracted  with  ether.  Driving  off  the  solvent  left  behind  a  light- 
yellow  oil  that  crystallized  within  4  days.  The  anilide  crystallized  from  benzene  as 
colorless  lamellae  with  a  m.p.  of  110.5-111.5“.  I't  is  insoluble  in  water  and  freely 
soluble  in  organic  solvents.  It  colors  concentrated  sulfuric  acid  violet,  the  color 
vanishing  upon  prolonged  standing  or  heating  on  a  water  bath.  It  colors  phosphoric 
and  hydrochloric  acids  crimson.  The  anilide  of  4,4'-dimethoxybenzilic  acid  is  not 
described  in  the  literature. 

0.3201  g  substance;  8.3  ml  0.1  N  H2SO4.  0.4128  g  substance;  10. 5  ml  0.1  N 
H2SO4.  Found  N  3.63,  3.55.  C22H21O4N.  Calculated  N  3.86. 

o-Aniside  of  4,4’-dlmethoxybenzilic  acid.  The  following  were  used  for  the 
reaction;  5*51  g  of  the  ethyl  ester  of  o-methoxyoxanilic  acid,  34.8  g  of  iodanisole, 
and  3.8  g  of  magnesium.  The  aniside  is  insoluble  in  water  or  gasoline,  but  is  sol¬ 
uble  in  the  ordinary  organic  solvents.  Crystallization  from  alcohol  yielded  color¬ 
less  needles  with  a  m.p.  of  I62-I62.5®.  It  dissolves  in  concentrated  sulfuric  acid, 
coloring  it  violet,  and  in  concentrated  phosphoric  and  hydrochloric  acids,  turning 
them  crimson.  The  color  vanishes  completely  when  heated  or  when  allowed  to  stand 
at  room  temperature.  The  yield  was  5  S>  or  51.02^  of  the  theoretical.  The  o-ani- 
side  of  4,4' -dimethoxybenzilic  acid  has  not  been  described  in  the  literature. 

0.3522  g  substance;  l6.79  ml  O.O5  N  H2SO4.  0.2348  g  substance;  11.4  ml  O.O5  N 
H2S04.  Found  N  3.34,  3.4.  C23H23O5N.  Calculated  N  3.56. 

p-Phenetide  of  4,4' -dimethoxybenzilic  acid.  Initial  substances;  5.9  g  of  the 
ethyl  ester  of  p-ethoxyoxanilic  acid,  3^.8  g  of  iodanisole,  and  3.8  g  of  magnesium. 
The  phenetide  is  insoluble  in  water  or  gasoline,  freely  soluble  in  ether,  alcohol, 
acetic  acid,  and  other  solvents.  It  colors  concentrated  sulfuric  acid  a  transitory 
violet  and  concentrated  phosphoric  and  hydrochloric  acids  crimson.  Crystallization 
from  alcohol  yielded  colorless  lentil-shaped  crystals  in  clusters.  M.p.  131®.  The 
p-phenetlde  of  4,4 * -dimethoxybenzilic  acid  has  not  been  described  in  the  literature. 
The  yield  was  5.4  g,  or  53.5^  of  the  theoretical. 

0.1735  g  subiStance;  8.3  ml  O.O5  N  H2SO4.  0.3466  g  substance;  I6.I5  ml  0,05  N 
H2SO4.  Found  IJ  3.35,  3.27.  C24H25O5N.  Calculated^;  N  3.44. 

g-naphthalide  of  4,4' -dimethoxybenzilic  acid.  Initial  substances;  6.07  g 

of  g-naphthyloxamic  ester,  34.8  g  of  p-iodanisole,  and  3.8  g  of  magnesium.  The 
naphthalide  is  insoluble  in  water  or  gasoline,  and  soluble  in  alcohol,  benzene, 
and  carbon  tetrachloride.  It  colors  concentrated  sulfuric  acid  a  transitory  blue- 
violet.  It  crystallizes  from  toluene  as  colorless  needles  with  a  m.p.  of  177-178®. 
The  yield  was  7.I  g^  or  70.3^  of  the  theoretical.  The  a-naphthalide  of  4,4'- 
dimethoxybenzilic  acid  has  not  been  described  in  the  literature. 

0.4154  g  substance;  20. 06  ml  O.O5  N  H2SO4.  0.2541  g  substance;  12.4  ml  O.O5N 
H2SO4.  Found  N  3.38,  3.45.  C26H23O4N.  Calculated  N  3-39. 
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3-naphthalide  of  4,4^ -dlmethoxybenzllic  acid.  Initial  substances?  6 .,3  g 
(l  mol^  of  the  ethj^  ester  of  3-naphthyloxamic  acid,  30.6  g  (5  moles)  of 
p-iodanisole,  and  3.15  g  of  magnesium.  The  yield  was  7. 6?  S,  or  72.8^  of  the 
theoretical.  The  naphthalide  is  insoluble  in  water  and  gasoline,  but  soluble 
in  other  organic  solvents.  It  dissolves  in  concentrated  sulfuric  acid,  color¬ 
ing  it  a  transitory  blue.  It  crystallizes  from  alcohol  as  colorless  prisms 
with  a  m.p.  of  l44.5-l45.5* .  We  are  the  first  to  have  synthesized  the 
3-naphthalide  of  4,4' -dimethoxybenzilic  acid. 

0.5256  g  substances  12.6  ml  0.1  N  H2SO4.  0.3321  g  substances  8.3  ml 
0.1  N  H2SO4.  Found  ^s  N  3-35,  3.26.  C26H23O4N.  Calculated  N  3-39. 

3^3-Bis-(4-methoxyphenyl)-oxindole.  (p-Dianisolisatin) .  1  ml  of  a  75'^ 

solution  of  sulfuric  acid  was  added  to  a  solution  of  0.15  g  of  the  anilide (Of 
4,4' -dimethoxybenzilic  acid  in  5  nil  of  acetic  acid.  The  reaction  mass  was 
heated  for  5-10  minutes  on  a  water  bath  (60-70®)  until  the  crimson  coloring 
vanished  completely,  after  which  the  reaction  product  was  isolated  as  in  the 
preceding  experiments.  The  uncrystallized  product  fused  at  148®.  Minute 
lamellae  when  crystallized  from  ether.  The  crystals  grow  damp  at  65®,  fusing 
with  frothing  at  69®,  then  resolidifying  and  finally  melting  at  I56-I57* . 
p-Dianisolisatin  was  first  synthesized  by  Baeyer  and  Lasarus  [1],  with  a  m.p.  of 
85®,  by  condensing  isatin  and  anisole  in  the  presence  of  concentrated  sulfuric 
acid.  Hoffmann  [2]  gives  the  m.p.  of  this  compound  as  117-11 8® .  Inagaki  [3] 
notes  that  four  substances  are  formed  when  Isatin  is  condensed  with  anisole.  The 
principal  product,  p-dianisolisatin,  crystallizes  from  alcohol  an^  has  a  m.p.  of 
157®  when  free  from  alcohol.  According  to  our  findings,  p-dlanisollsatin  forms  a 
molecular  compound  with  ether  (m.p.  69®).  Its  m.p.  is  156-157°  when  free  of  the 
crystallization  ether,  which  agrees  with  Inagaki 's  findings. 

Found  N  3.92,  3.88.  C22H19O3N.  Calculated  N  4.06. 

3 . 3- Bis-  ( 4-methoxyphenyl)  -5 -ethoxy oxindole .  The  5-e‘thoxy-p-dianisolisatin 
was  synthesized  by  adding  2  ml  of  a  60^  solution  of  sulfuric  acid  to  a  solution  of 
2  g  of  the  p-phenetide  of  4,4 ' ~dimethoxybenzilic  acid.  This  yielded  1.55  g  of  "the 
substance,  or  8l.6^  of  the  theoretical.  The  substance  is  soluble  in  alcohol,  acetic 
acid,  benzene,  ether,  and  carbon  tetrachloride.  It  crystallizes  from  alcohol  as  a 
fine  crystalline  powder  (needles  under  the  microscope)  with  a  m.p.  of  179-^80®. 

0.3004  g  substances  l4.35  ml  0,05  N  H2SO4,  O.1652  g  substances  8.1  ml  0.05  N 
H2SO4.  Found  N  3.34,  3.43.  C24H23O4N.  Calculated  N  3.6. 

3. 3- Bis- (4-methoxyphenyl) -7-methoxyoxindole .  This  was  produced,  as  in  the 
foregoing  experiments,  by  condensing  o-anisidine  with  4,4’-dimethoxybenzilic  acid, 
the  yield  being  Qk^2<^  of  the  theoretical.  Crystallization  from  alcohol  yields  a 
finely  crystalline  powder  with  a  m.p.  of  212-213®. 

0.3303  g  substances  16.53  ml  O.O5  N  H2SO4.  0.2201  g  substances  11. 5  ml  O.O5  N 
H2SO4.  Found  ^s  N  3-5,  3-65.  C23H21O4N.  Calculated  ^s  N  3.73. 

3. 3- Bis- (4-methoxyphenyl) -6-bromoxindole  and  3^3-bis- (4-methoxyphenyl) -4- 
bromox indole .  Initial  substances g  4  g  of  the  m-br omanllide  of  4, "4 ' -dlmethoxyben- 
zilic  acid,  dissolved  in  20  ml  of  acetic  acid  and  4  ml  of  concentrated  sulfuric 
acid.  Crystallization  from  alcohol  yielded  a  small  quantity  of  colorless  acicular 
crystals  with  a  m.p.  of  I98-205® .  Recrystallization  raised  the  m.p.  to  209-211°. 

The  m.p,  of  3 ^3-bis- (4-methoxyphenyl) -4-bromoxindole  is  given  as  211®  in  the  liter¬ 
ature  [4].  This  yielded  0.05  g  of  the  substance,  or  1.31^  of  the  theoretical,  based 
on  the  m-bromanilide  used  for  the  reaction.  The  principal  reaction  product  was  pre¬ 
cipitated  by  diluting  the  filtrate  with  water.  It  crystallized  from  benzene  as 
•colorless  needles  with  a  m.p.  of  193-194®,  which  is  the  figure  given  in.  the  litera- 
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tore  for  3^3-t)is-(4-methoxyphenyl)-6-bromoxlndole  [4],  The  yield  was  2.9  g  of  the 
pure  substance,  or  75*6^  of  the  theoretical. 

Found  Br  18.65.  CasHieOsNBr.  Calculated  Br  18.85. 

6-Bromodlanlsolelsatolc  anhydride.  2  ml  of  a  50^  aqueous  solution  of  chromic 
anhydride  were  added  to  a  solution  of  2  g  of  6-bromodlanisoleisatin  in  16  ml  of 
glacial  acetic  acid,  and  the  reaction  mass  was  heated  for  40  minutes  on  a  water 
bath.  A  crystalline  precipitate  settled  out  as  it  cooled.  It  crystallized  from 
glacial  acetic  acid  as  pale-yellow  prisms  with  a  m.p.  of  201-202®.  The  yield  was 
1.4  g,  or  67.5^  of  the  theoretical.  The  synthesized  substance  colored  concentrated 
sulfuric  acid  bright  red.  These  data  agree  with  those  described  in  the  literature 
for  6-bromodianlsoleisatoic  anhydride  [4]. 

3^3~Bis- (4-methoxyphenyl) -6,7-benzooxlndole .  [ 3 , 3 -Bis- (4-methoxyphenyl-a- 
naphthoxi'ndole] .  Initial  substances:  a  solution  of  1.1  g  of  the  a-naphthalide 
of  474 ' - dimethoxybenz ilic  acid  in  I5  ml  of  acetic  acid  and  1  ml  of  a  6o^  solution 
of  sulfuric  acid.  The  reaction  mass  was  heated  on  a  water  bath  (7O-8O®)  until  the 
crimson  color  disappeared  (5  to  5  minutes).  This  yielded  O.98  g,  or  93-5^  of  the 
theoretical,  of  colorless  lenticular  crystals  (from  alcohol)  with  a  m.p.  of  199-201®. 
The  a-naphthalide  of  4,4 '-dimethoxybenz ilic  acid  was  condensed  with  equal  succfess 
when  phosphoric  and  hydrochloric  acids  were  present. 

0.$883  g  substance:  I5.I6  ml  O.O5  N  H2SO4.  0.2l6l  g  substance:  11.1  ml  0,05N 
H2SO4.  Found /^:  N  3.68,  5.59.  C26H21O3N.  Calculated  N  3.54. 

3 , 3- Bis- (4-methoxyphenyl) -4, 3-benzooxindole .  [3j3-Bis- (4-methoxyphejiyl)-P- 

naphth(i$xindoleT^  The  3-naphthalide  of  4,4' -dimethoxybenzilic  acid  was  condensed  by 
using  '60^  sulfuric  acid  and  concentrated  phosphoric  and  hydrochloric  acids.  We 
shall  describe  the  condensation  with  phosphoric  acid.  5  ml  of  phosphoric  acid  were 
added  to  a  solution  of  0.4  g  of  the  P-naphthallde  of  4,4' -dimethoxybenzilic  acid  in 
10  ml  of  acetic  acid.  The  crimson  coloring  vanished  completely  when  the  reaction 
mass  was  heated  for  10  minutes  on  a  water  bath  (7O-8O®).  This  yielded  0.3  g^  or  75^ 
of  the  theoretical.  It  crystallized  from  dilute  acetic  acid  as  colorless  little 
stars  with  a  m.p.  of  27O® . 

0.3960  g  substance:  10.5  ml  0.1  N  H2SO4.  0.2655  g  substance:  6.5  ml  0.1  N 
H2SO4.  Found  N  3.64,  3.42.  C26H21O3N.  Calculated  N  5-54. 

SUMMARY 

1.  A  new  method  has  been  elaborated  for  producing  p-dlanlsoleisatin  and  its 
derivatives,  and  several  compounds  hitherto  not  described  in  the  literature  have 
been  synthesized  and  their  properties  investigated. 

2.  The  intramolecular  condensation  of  the  m-bromanilide  of  4,4' -dimethoxyben¬ 
zilic  acid  has  been  used  to  demonstrate  that  condensation  occurs  preferably  at  the 
para  position  to  the  substituent  when  there  is  a  substituent  in  the  meta  position 
to  the  radical  attached  to  the  nitrogen  atom. 

3.  The  condensation  of  aryl  amides  of  4,4 ' -dimethoxybenzilic  acid  in  the 

presence  of  various  mineral  acids  (H2SO4,  H3PO4,  and  HCl)  has  been  used  to  demon¬ 
strate  that  the  condensation  is  not  affected  by  the  nature  of  the  acid  anion,  being 
governed  by  the  internal  structure  of  the  organic  cation. 
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THE  DERIVATIVES  OF  BISBENZOTHIAZOLYmETHAME 
A.  I.  Kiprlanov,  L.  P.  Yakovleva,  and  Yu.  S.  Rozum 


Bis- [benzothiazolyl- (2) ] -methane  was  produced  in  1922  by  Mills  [1]  by  condens¬ 
ing  two  molecules  of  o-aminothiophenol  and  malonic  ester.  Since  bisbenzothiazole- 
methane  is  the  basis  of  the  monomethenylthiacyanins,  which  interested  us  in  connec¬ 
tion  with  the  problem  of  the  influence  exerted  by  steric  hindrances  upon  the  color 
of  organic  dyes  [2],  we  undertook  the  synthesis  and  spectroscopic  analysis  of  the 
derivatives  of  bisbenzothiazolylmethane  that  contain  one  or  two  substituents 
attached  to  the  methane  carbon  atom  (see  Formula  A).  No  compounds  of  this  sort  are 
known  up  to  the  present,  time.  We  also  synthesized  and  investigated  several  new 

monomethenylthiacyanins  containing  an  alkyl  group  at 
the  central  carbon  atom. 


R 


\ 

/C-C-C 

■  1  ^  ' 

N  I,  N 


X 


CA) 


We  synthesized  homologs  of  bisbenzothiazolyl¬ 
methane  by  condensing  alkyl  malonic  esters  with 
o-aminothiophenol s 


I 


SH 


NHs 


+  CHR(C00C2H5)2 


N 


C-CHR-C  i 


+  2C2H5OH  >  2H2O 


We  prepared  alkyl  malonic  esters  in  the  customary  manner:  by  reacting  alkyl  hal¬ 
ides  with  sodium  malonic  ester.  Ethylmalonic,  n-propylmalonic,  i s opr opylma Ionic, 
and  dlmethylmalonic  esters  were  prepared.  The  pure  methylmalonic  ester  could  not 
be  prepared  by  the  method  specified,  since  it  was  found  to  be  impossible  to  sep¬ 
arate  it  from  the  unchanged  malonic  ester  and  the  dlmethylmalonic  ester,  the  boiling 
points  of  which  are  very  close  together.  We  therefore  prepared  methylmalonic  ester 
by  boiling  a-cyanoproplonic  ester  with  an  alcoholic  solution  of  sulfuric  acid.  We 
prepared  phenylmalonic  ester  by  condensing  ethyl  oxalate  with  phenyl  acetate  and 
splitting  off  carbon  monoxide  from  the  resultant  phenylketosuccinlc  acid  [5]s 

CsHsCjJH— COOC2H5  C6H5CH~C00C2H5 

C0~C00C2H5  ^  COOC2H5 

« 

Condensation  of  the  six  malonic  esters  with  o-aminothiophenol  yielded  the  fol¬ 
lowing  blsbenzothiazolylmethanes  with  substituents  at  the  methylene  groups  methyl-, 
ethyl-,  n-propyl-,  isopropyl-,  phenyl-,  and  dimethylbisbenzothlazolylmethane.  Con¬ 
densation  was  effected  by  heating  a  mixture  of  the  components  to  200-220®  until  the 
calculated  quantity  of  alcohol  and  water  had  passed  through  a  dephlegmator .  There 
remained  within  the  flask  an  oil,  which  sometimes  crystallized  immediately,  while 
requiring  considerable  effort,  with  prolonged  refining,  at  others.  The  isopropyl 
derivative  was  not  Isolated  in  the  crystalline  state  and  therefore  was  not  investi¬ 
gated  further. 


All  these  new  bases  proved  to  be  nearly  colorless  substances  with  a  faint  yel¬ 
lowish  tinge.  They  are  insoluble  in  water,  but  dissolve  freely  in  hydrochloric  acid. 
The  methyl-  and  ethylbisbenzothiazolylmethanes  are  very  slightly  soluble  in  alcohol. 
Table  1  gives  the  absorption  maxima  and  the  corresponding  molecular  extinctions  for 
these  bases,  as  well  as  the  known  unsubstituted  bisbenzothiazolylmethane,  as  deter¬ 
mined  in  alcoholic  solution  (with  the  Exception  of  Preparations  II  and  III,  which 
were  photographed  in  dloxane)  with  a  Hllger  quartz  spectrograph. 
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TABLE  1 


\* 


Preparation  No.  ■ 

R 

R' 

^max 

^max 

■ 

max 

max 

- h 

I 

H 

H 

3930  A 

102 

2625  A 

25000 

II  1 

) 

CHa 

H 

37^0  A 

80 

2690  A 

0 

20000 

III  j 

C2H5 

H 

;  4030  A 

50 

2690  A 

27500 

IV  i 

n-C3H7 

H 

1  4075  A 

Ao 

2625  A 

25000 

V 

iso-CsHr 

H 

i  _ 

_ 

- 

VI 

CeHs 

H 

1  4050  A 

26^5  A 

20000 

VII 

CH3 

•  CH3 

1  -  I 

- 

2625  A 

20000 

The  hydrogen  atoms  of  the  methylene  group  In  the  hisbenzothiazolylmethane 
molecule  are  active o  -ne  of  them  may  he  readily  replaced  hy  sodium^  as  is  evidenced 
hy  the  intensive  yellow  co^or  that  appears  when  the  preparation  is  reacted  with  the 
alcoholic  alkali.  The  action  of  mineral  acids  likewise  produces  intensely  yellow 
salts,  whose  appearance  and  absorption  curves  in  alcoholic  solution  are  quite  like 
those  of  the  monomethenylthiacyanins ,  and  which  doubtless  have  the  structure  (la) . 

Apparently,  blsbenzothiazolylmethane  and  its  mono- 
substitution  derivatives  at  the  methane  carbon  atom 
^  are  tautomeric  substances  that  exist  in  the  two 

>  ^  forms  (B)  and  (C),  which  are  in  equilibriums 


a 


C— CH=C 


X- 


N 


H  >  H 

(la) 


N  I  \r 

(B) 


/ 

/ 

\  X 

N 

I 

H 


X 


The  extent  to  wnich  hisbenzothiazolylmethane  exists  in  solution  in  the  form  (C)  and 
how  the  equilibrium  depends  upon  the  nature  of  the  substituent  R  may  be  determined 
from  a  comparison  of  the  ultraviolet  absorption  curves  of  Preparations  I-VTI  we  have 
plotted  with  the  absorption  curve  secured  by  Mills  [1]  for  Preparation  (VIIT)s 

The  respective  curves  are  reproduced  in  Fig.  1, 

Preparation  (VIII)  has  structure  C,  as  determined 
by  the  substitution  of  a  methyl  group  for  the  hydrogen 
atom  attached  to  the  nitrogen.  Preparation  (VII) ,  on 
tne  other  hand  has  the  fixed  form  B,  There  is  a  sub¬ 
stantial  difference  between  their  absorption  curves. 
Preparation  (VII)  absorbs  only  beyond  3000  k,  whereas 
the  absorption  curve  for  Preparation  (VIII)  exhibits  a  very  strong  band  at  the 
edge  of  the  visible  region  of  the  spectrum.  The  other  blsbenzothiazolylmethanes 
(I-VII)  all  exhibit,  in  addition  to  their  strong  absorption  in  the  shortwave  region 
of  the  spectrum,  a  weak  absorption  band  with  its  maximum  at  the  edge  of  the  visible 
region,  evidence,  no  doubt,  of  the  presence  of  some  of  Form  C  in  equilibrium  with 
Form  B,  Comparison  of  the  intensity  of  absorption  of  Preparation  (VIII)  at  the 
longer  wavelengths  with  the  intensity  of  corresponding  band  in  bisbenzothiazolyl- 


(VIII)  CHc< 
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We  have  synthesized  various  monomethenylthiacyanins  of  the  general 
formula  (D)  in  order  to  he  able  to  compare  the  absorption  of  these  yellow 
dyes  with  that  of  the  hydrochlorides  of  the  corresponding  mono  substitution 
derivatives  of  bihbenzothiazolylmethane.  The  syntheses  were  performed  in 
the  usual  manner;  by  heating  quaternary  salts  of  2-methylthiobenzothlazole 
dissolved  in  alcohol  with  anhydrous  sodium  acetate  present  [5].  The 
absorption  maxima  and  the  maximum  extinction  values  of  the  salts  of  the 
substitution  derivatives  of  bisbenzothiazolylmethane  we  have  synthesized 
(IX- XII)  and  of  the  monomethenylthiacyanins  (XII-XIX) ,  as  determined  in 
alcoholic  solution  with  the  Bellingham — Stanley  spectrophotometer,  are 
given  in  Table  2. 

Table  2 


Preparation  No. 

R 

R' 

^max 

(A) 

t » 10“^ 

IX 

H 

H 

4250 

1 

X 

CH3 

H 

4250 

1 

XI 

C2H5 

H 

4220 

1 

XII 

n-CsHy 

H 

4270 

1 

XIII 

H 

CH3 

4250 

8.1 

XIV 

H 

C2H5 

4250 

7.5 

XV 

H 

n-C3H7 

4280 

7.3 

XVI[2] 

CH3 

CH3 

4650 

4.7 

XVII 

C2H5 

CH3 

4650 

4.7 

XVIII 

n-C3H'7 

CH3 

466o 

4.5 

XIX 

CH3 

C2II5 

4800 

4.3 

Inspectlbn  of  Table  2  indicates  that  substitution  for  the  hydrogen 
atoms  in  the  methenyl  group  when  there  are  no  radicals  attached  to  the 
nitrogen  atoms  (IX-XIl),  has  practically  no  effect  on  the  absorption  maximum 
or  on  its  intensity,  exactly  as  is  the  case  when  alkyl  groups  are  introduced 
at  the  nitrogen  atoms  when  there  are  no  substituents  in  the  methenyl  group 
(XII-XV) .  But  as  soon  as  we  'introduce  alkyl  .groups  at  the  nitrogen  atoms  and 
into  the  methenyl  group  at  the  same  time  (XVI-XIX),  the  color  grows  much 
, deeper  (turning  from  yellow  to  orange) 5  and  the  intensity  is  halved.  There 
is  no  doubt  that  the  causes  of  these  singular  optical  properties  of  the  last 
four  preparations  in  Table  2  are  the  sterlc  hindrances  produced  by  the 
coplanar  arrangement  of  the  heterocyclic  rings  with  the  radicals  introduced 
into  the  molecule.  Similar  phenomena  have  already  been  observed  in  monom¬ 
ethenylthiacyanins  and  in  tr Imethenylthlacyanlns  by  Kiprianov  and  Ushenko  [2] 
and  in  quinocyanins  by  Brooker  and  his  associates  [6]. 

The  drawing  reproduced  herewith  indicates  the  molecular  structure  of 
the  salts  of  monosubstitution  derivatives  of  the  monomethenylthiacyanins 
(Fig.  3),  the  monomethenylthiacyanins  without  any  substituent  in  the  methenyl 
group  (Fig.  4),  and  the  monomethenylthiacyanins  with  substituents  in  the 


^  The  molecular  extinction  could  not  be  determined  owing  to  alcoholysis  of  the  salt 

568 


We  see  from  these  diagrams,  in  which  the  dimensions  of  the  bonds, 
valence  angles,  and  radical  radii  are  shown  approximately  to  scale,  that 
the  strongest  steric  hindrances  to  a  planar  arrangement  of  the  molecule 
arise ;in  the  cases  represented  in  Fig.  5  (Preparations  XVI-XIX  in  Table  2). 

EXPERIMENTAL 

The  ultraviolet  absorption  spectra  were  photographed  with  a  standard 
E-298  Hilger  quartz  spectrograph  fitted  with  a  Goode  sector  photometer  and  a 
wolfram  spark.  The  cell  thickness  was  varied  from  0.01  to  5  cm  when  photo¬ 
graphing  the  spectra  in  acid  and  alkaline  solutions,  both  the  cell  thickness 
and  the  solution  concentration  being  varied  in  neutral  solvents.  The  compounds 
(l),  (IV),  (VI),  (VII),  and  (VIII)  were  recorded  in  SG’jo  alcohol,  dioxane  being 
used  for  the  others  because  of  their  poor  solubility  in  alcohol.  The  numerical 
absorption  data  are  given  below. 

Bisbenzothiazolylmethane  in  alcohol,  10-^  to  10-^  mole  per  liter  (Fig.  1, 

l) «.  Max.  1.3950  A,  £=102)  Max.  2.2625  A,  £=250005  Min.  1.33J‘^0  A,  £=20;  Min. 

2.2517  A,  K=  20000. 

The  same  in  IM  alcoholic  alkali,  10-^  mole  per  liter  (Fig.  2,  II) ; 

Max.  1.4l80  A,  £=30005  Max.  2.2665  A,  €=200005  Min.  1.3^00  A,  £=5505 
Min.  2.2475  A,  £=13000. 

The  same  in  O.O5M  alcoholic  acid  (sulfuric),  5*10-^  mole  per  .liter 
(Fig.  2,  III-) :  Max.  1.4l05  A,  £=20005  Max.  2.2650  A,  £=190005  Min.  1.3300  A, 
£=1705  Min.  2.2500  A,  £=16000. 

Bisbenzothiazolylmethylmethane  in  dioxane,  10-^  to  2.10-“*  mole  per 
liter  (Fig.  1,  n) .  Max.  1.37^0  A,  e =805  Max.  2.2690  A,  £=200005  Min.  1.5380  A, 
£=505  Min.  2.2490  A,  e=1150. 

Blsbenzothiazolylethylmethane  in  dioxane,  2.10-^  mole  per  liter  (Fig.  1, 

m) .  Max.  1.4030  A,  £=505  Max.  2.2690  A,  €=275005  Min.  I.358O  A,  6=255  Min. 
2.2510  A,  £=20000. 

Bisbenzothiazolyl-n-propylmethane  in.  alcohol,  10-^  mole  per  liter  (Fig„  1, 
IV) .MaxT“l,4075  A,  £=355  ifex.  2.2625  A,  1=250005  Min.  1.3485  A,6=5-5l  Min. 

2.2445  A,  £=13000. 

Bisbenzothiazolylphenylmethane  in  alcohol,  5*10“^  mole  per  liter  (Fig.  1, 
yi).Max.  1.4050  A,  £=6.45  Max.  2.2645  A,  £=200005  Min.  1.3725  A,  £=4.05  Min. 

2.2480  1, f  =13000. 

Bisbenzothiazolyldimethylmethane  in  alcohol,  5  *10“^  "to  10-^  mole  per 
liter  (Fig.  1,  Vn) .  Max.  2625  A,  £=200005  Min.  2473  A,  £=13000. 

2- \ N-Methylbenzothiazolidene ] -methylbenzothiazole  in  alcohol,  10-^  mole 
per  liter  (Fig.  1,  VIII) .  Max.  1.3795  A,  £=450005  Max.  2.2463  A,  £=400005 
Min.  1.3085  A,  6=15005  Min.  2.2320  A,  e =20000. 

Methylmalonic  ester  was  prepared  from  a-bromopropionic  ester  via 
cyanopropionic  ester  [7].  B.p.  74®  at  3  nim,  df^  I.013I  (Perkin  [8]  gives  di| 
1.01295) . 

Ethylmalonic  ester  [9]  was  prepared  with  a  b.p.  of  88-89°  at  8  mm, 
dig  1.0027  (Michael  [lO]  gives  dfg  1.004) . 

n-Propylma Ionic  ester  [11]  was  prepared  with  a  b.p.  of  222®,  dfs 
0.9860  "(Perkin  [8]  gives  di^  0.9854). 

Isopropylmalonic  ester  [12]  was  prepared  with  a  b.p.  of  213-214®, 
dll  0.98495  (Perkin  [8]  gives  di|  O.98521) . 
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Fhenylmalonic  ester  [3]  was  prepared  with  a  b.p.  of  145-1^8®  at  6  mm, 
dio  1.0946  (Berkenhelm  gives  dfo  1.095)* 

Dimethylmalonic  ester  [13]  was  prepared  with  a  b.p.  of  193-195“^ 
dfi  0.9928  (Perkin  [8]  gives  d  0.9935)* 

Bis-fbenzothiazolyl-(2) 1 -methane  and  the  bis-[benzothiazolyl-(2) ]- 
a Iky Ime thane s  were  prepared  as  follows.  2  moles  of  o-aminothiophenol  and 
1  mole  of  malonic,  alkyl  malonic,  or  phenylmalonic  ester  were  heated  in  a 
current  of  CO2  for  1-3  hours  to  about  200®  in  a  flask  fitted  with  a 
dephlegmator  and  a  straight  condenser,  the  water  and  alcohol  being  gradually 
distilled  off  through  the  dephlegmator.  Heating  was  stopped  as  soon  as 
apjjroximately  the  calculated  quantity  of  distillate  had  accumulated  in  the 
receiver.  The  oil  left  in  the  flask  was  washed  with  a  10^  solution  of 
sodium  hydroxide  to  eliminate  the  unreacted  o-aminothlophenol .  The  oil 
was  then  purified  by  converting  it  into  a  yellow  crystalline  hydrochloride 
by  the  action  of  concentrated  hydrochloric  acid  (this  refining  was 
unnecessary  for  bisbenzothiazoly Ime thane  and  bisbenzothiazolyldimethylmethane) , 
the  hydrochloride  being  recrystallized  from  absolute  alcohol.  Then  the  pure 
salt  was  decomposed  with  soda  or  pyrfdine,  after  which  the  base  usually 
crystallized.  In  some  cases  crystallization  was  speeded  up  by  adding  a  few 
drops  of  water,  acetone,  or  pyridine.  The  refining  methods,  melting  points, 
yields,  and  percentages  of  nitrogen  in  the  bases  we  synthesize^  are  listed  in 
Table  3. 

Table  3 


^h’ep- 

$  Nitrogen 

era- 

Refining  Method 

M.p  (°C) 

Yield, 

Empirical 

Exper 

-Cal** 

tion 

^  of 

Formula 

imen- 

cula- 

No. 

the 

theo- 

tal 

ted 

retical 

I 

Crystallization  from  alcohol 

930 

75 

C  ifiHi  pNpSp 

9*48 

9.46 

II 

Crystallization  from  aqueous 
pyridine 

165 

86 

CieHiaN^Sg 

9*50 

9*48 

9*50 

9.46 

III 

Crystallization  of  the  HCl  salt  from 

absolute  alcohol 

158 

_ 

C 1TH14N2S2 

8.86 

9.03 

* 

8.87 

IV 

Crystallization  from  aqueous  alcohol 

92 

61.5 

C18H16N2S2 

8.63 

8.64 

8,82 

•  V 

Distillation  in  vacuo 

b.p. 220 

46 

C18H16N2S2 

8.46 

8.64 

8.48 

VI 

Crystallization  from  petroleum  ether 

i4o 

94 

C21H14N2S2 

7*85 

7.82 

7.93 

VII 

Crystallization  from  alcohol 

157 

75 

CirHi4N2S2i  9*02 

9.03 

’ 

9*14 

2-  [N-Methylbenzothiazolldene1-methylbenzothiazole  (VIII)  was  prepared  by  the  Mills 
method  [1];  but  we  methylated  the  bisbenzothiazoly Imethane  with  ^^Liiuetl^l  sulfate 
Instead  of  with  methyl  iodide.  Two  grams  of  bisbenzothiazolylmethane  yielded  0.4  g 
of  the  base  (VIII)  with  a  m.p.  of  174®  (Mills  gives  I72®). 

The  monomethenylthiacyanins  were  prepared  by  the  Kendall  method  [5]. 

Absolute  alcohol  was  added  to  a  mixture  consisting  of  1  mole  of  a  quaternary 
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salt  of  a  2-alky Ibenzothlazole,  1  mole  of  a  quaternary  salt  of  2-methyl thio- 
henzothiazole^  and  5  moles  of  anhydrous  sodium  acetate,  and  the  mixture  was 
then  boiled  for  1-2  hours.  A  thiol  separated  out,  the  mixture  turning  a 
bright  orange.  Most  of  the  alcohol  was  driven  off,  and  potassium  iodide  was 
added  to  the  mixture j  crystals  of  a  dye — an  iodide  that  was  refined  by 
crystallization  from  alcohol — settled  out  after  some  time  had  passed.  The 
preparation  (XVIII)  was  refined  chromatographically  in  chloroform  on  alumina. 

Our  observations  indicate  that  some  of  an  iodide  dye  may  be  converted  into  a 
chloride  during  this  procedure.  We  therefore  used  a  perchlorate  of  the  dye 
(XVIII)  in  chromatography. 

We  tried  to  synthesize  N,N' -dimethyl -a-ethylmonomethenylthiacyanln 
iodide  by  condensing  two  moles  of  N-methyl-o-amlnothlophenol  [4]  with 
ethylmalonyl  chloride.  Steric  hindrances  apparently  prevented  condensation 
of  more  than  one  molecule  of  the  N-methyl-o-aminothiophenol,  however.  Hydrolysis 
and  the  loss  of  CO2  converted  the  resulting  acid  chloride  (XX)  into  2-n-propyl- 
benzothiazole  chlorome thy late. 


I  1  0— CHCOCl 

(XX) 

The  refining  methods,  melting  points,  yields  and  analysis  results  are 
given  in  Table  4  for  the  monomethenylthiacyanins  we  have  synthesized. 

SUMMARY 

Six  new  bases — derivatives  of  blsbenzothlazolylmethane  substituted  at 
the  methane  residue — have  been  synthesized  by  condensing  orthoamlnothiophenol 
with  esters  of  methylmalonic,  ethylmalonic,  n-propylmalonlc,  isopropylmalonic, 
phenylmalonic,  and  dimethylmalonic  acids.  The  ultraviolet  absorption  curves 
of  blsbenzothlazolylmethane  and  of  six  of  its  derivatives  have  been  recorded 
and  compared  with  the  absorption  curve  for  2«.[N-methylbenzothiazolidene-(2)  ]- 
methylbenzothiazole.  It  has  been  shown  that  bisbenzothiazolylmethane  and  its 
monosubstitution  derivatives  exhibit  tautomerism  in  solution. 


Three  new  monomethenylthiacyanins,  containing  alkyl  groups  as  substituents 
attached  to  the  central  carbon  atom,  have  been  synthesized.  Their  absorption 
curves  in  alcoholic  solutions  have  been  recorded,  and  it  has  been  shown  that 
steric  hindrances  exist  in  the  molecules  of  these  dyes  which  prevent  the 
coplanarity  of  the  thiazole  rings. 


Tab 16  4^ 


Prepa-! 

ration 

No. 

i 

' - 1 - 

Refining  Method  '  M.P. 

:  (°C): 

1  ; 

■ - 

Yield] 
^  of 
the 
theo¬ 
reti¬ 
cal 

Empirical 

Formula 

1  1 

1  i 

( 

Analysis  results 
Experl-  Calculated 
mental  1 

i 

xrv 

- - [  — 1 

Crystallization  from  alcohol;  298® 

'  1 

1 

;  43 

Cl9HigN2S2l 

I  27.44  1  27.25 
’  27.49 

XV 

‘  Crystallization  from  alcoholi  274 

1  57 

c 2 1023^232 I 

—  — 

XVII 

Crystallization  from  alcoholj  206 

17 

i  Ci9Hi9N2S2l 

ll  27.20  I  27.25 

I  27.01 

XVIII I  Chromatography  on  AI2O3 


187  —  C20H21O4N2S2C1 a  3.02  Cl  7.85 

i  8-12 

C20H21N2S2I  I  26.24  I  26.45 
26.26 


XIX  Crystallization  from  alcohol'  215  — 

^)  Alkyl  sulfates  are  the  best  quaternary  salts  for  synthesizing  the 
preparations  (XVI-XIX) .  Chlorides,  bromides, and  iodides  do  not  form  dyes. 
I.K.Ushenko  assisted  in  the  synthesis  of  Preparations  XIV  and  XV. 
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RESEARCHES  ON  CYANIN  DYES 


V.  THIACYANIN  DYES  CONTAINING  THIOCARBAMIDE  GROUPS 
N.  F.  Turitsyna  and  I.  I.  Levkoev 

Many  cyanin  dyes — derivatives  of  benzothiazole  tliat  are  effective 
sensitizers — also  exert  a  favorable  effect  upon  the  overall  photo  sensitivity 
of  silver  halide  emulsions  [1-5] >  which  is  far  from  typical  of  other  classes 
of  optical  sensitizers.  In  view  of  the  property  of  some  sulfur  compounds  of 
increasing  the  photosensitivity  of  silver -halide  emulsions  [6],  the  hypothesis 
has  been  advanced  that  the  high  activity  of  the  thiacyanins  is  related  to  the 
presence  of  sulfur  atoms  in  their  molecules  [8],  This  would  make  it  of  Interest 
to  attempt  the  accumulation  of  sulfur  atoms  in  thiacyanln  molecules  or  to 
introduce  sulfur-containing  groups  into  other  types  of  sensitizing  dyes. 

Similar  dyes  containing  thloalkyl  or  thioaryl  groups  have  been  proposed  in 
several  patents  [7].  As  A.  I.  Kiprlanov,  Z.  P.  Sytnik,  and  E.  D.  Sych  [8] 
have  shown,  however,  introducing  groups  of  this  sort  has  no  substantial  effect 
upon’  the  properties  of  dyes. 

The  nature  of  the  sulfur  atoms  in  thiacyanins  and  in  the  above-mentioned 
dyes  containing  thio  ester  groups  differs  greatly,  however,  from  that  in 
Sheppard’s  chemical  sensitizers  [6]  (thiocarbamides,  thiosulfates,  etc.}.  In 
the  latter,  the  sulfur,  which  is  usually  attached  by  a  double  bond,  may  be 
split  off  readily,  so  that  silver  sulfide  may  be  formed  in  silver  halide 
emulsions  when  these  substances  are  present.  Though  the  formation  of  silver 
sulfide  in  photographic  emulsions  may  not  be  the  basic  reason  for  their  high 
photosensitivity  [9],  there  is  no  doubt  that  it  may  Influence  the  sensitivity 
appreciably. 

We  were  therefore  Interested  in  synthesizing  cyanin  dyes  containing  groups 
with  ’Tablle”  sulfur  in  order  to  test  the  feasibility  of  combining  the  properties 
of  an  optical  and  a  chemical  sensitizer  within  a  single  dye  molecule.  With  this 
in  mind  we  synthesized  and  investigated  the  properties  of  thiacyanln  dyes  that 
had  heterocyclic  residues  of  allyl-  and  benzylthiocarbamide  groups  at  the  6,6’ 
positions  (l). 


(I) 


where  R  =  C3H5  or  CeHsCHa?  A  =  H,  CH3,  or  C2H55  and  X  =  an  anion. 

The  quaternary  salts  of  6-allyl-  and  6-benzylthlocarbamido-2-methylbenzo- 
thiazole  and  the  respective  bases  required  for  the  synthesis  of  these  dyes  are 
not  described  in  the  literature.  We  produced  these  bases  readily  by  reacting 
6-amino-2-methylbenzothiazole  with  allyl  and  benzyl  thiocyanates  in  alcohol  [10]. 
We  were  unable,  however,  to  synthesize  the  corresponding  quaternary  salts  from 
them  by  the  action  of  esters  of  p-toluenesulfonlc  acid  or  other  alkylating  agents. 
We  found  that  in  such  a  reaction  S-alkylisot'hiocarbamide  derivatives  are  produced 
most  easily  [11],  being  converted  to  the  corresponding  quaternary  salts  when  the 
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alkylating  agent  is  present  in  excess: 


— C — M 


RN=C — NH. 


'I — 


C2H5X 


'•—Clis  -  HX 


RN=C — M- 


C2H5X 


H3  '  HX 


We  succeeded  in  preparing  the  6-allyl-  and  6-benzyl-S-ethylisothio- 
carbamido-2-methylbenzothiazoles  and  the  corresponding  quaternary  salts  in 
the  pure  state.  The  quaternary  salts  of  6-allyl-  and  6-benzyl thiocarbaraido- 
2-niethylbenzothiazole  were  successfully  prepared  by  reacting  allyl  and  benzyl 
thiocyanates  with  quaternary  salts  of  6-araino-2-methylbenzothiazole,  The 
latter  were  prepared  by  saponifying  quaternary  salts  of  6-acetamino-2-methyl- 
benzothiazole  with  hydrochloric  acid. 


igCONH^ 


CH3CO: 


CH3 


CH3  - 

SO3CSH4CH3 


I  N  - 


RN=C=S 


RNlf— C— -NH 

I 


B03C6I14GH3 


^'•~CH3 

S03C6H4CH3 


T  .e  foregoing  quaternary  salts  were  used  to  synthesize  carbo-  (I,  n  *  1; 
A  =  H,  CH3,  or  C2H5) ,  and  di-  and  tr icarbocyanins  (I,  n=2  or  5?  A  =  H) ,  as 
well  isocyanins  (II)  by  the  usual  methods. 

also  synthesized  analogous  dyes  containing  allyl-  and  benzyl-S- 
ethyl  ■  ;.focarbaialde  groups  (III  and  IV)  to  determine  the  effect  of  the 
prese  u'  Isothiocarbamide  groups  in  the  hetero  rings  upon  the  properties 
of  t..c  c  "anins . 


C2H5  X“  C2H5 

(III) 


ilk 


RN=C— NH 

I 

? 

C2H5 


(IV) 

The  absorption  maxima  of  the  carbo-,  dicarbo-,  and  isocyanins  are  listed 
in  Table  1  together  with  the  maxima  for  the  corresponding  dyes  with  no  substi¬ 
tuents  in  the  hetero  rings  and  for  some  6,6’ -diamino-  and  6,6’ -diacetamino 
derivatives. 


Table  1 


Positions  of  the  Absorption  Maxima  of  Thiacyanin  Dyes  With  N-Alkylthio  and 
N, S-Dialkylisothiocarbamide  Groups  at  the  6,6’  Positions,  as  well  as  of  the 
Corresponding  Dyes  Without  any  Substituents  in  the  Heterocyclic  Rings  of 
the  Dyes  and  of  Some  6,6’ -Diamino-  and  6, 6 '-Diacetamino  Derivatives 


Substituents  at  the' 
6,6’  positions  of  ' 
the  benzothiazole 
ring 


H 

C3H5 — NH — ^ — NH — 

C3H5— N=C— NH— 
SC2H5 

.  C  6H5CH2— NHC— NH— 


Positions  of  the  absorption  maxima. 

m.t*- 

Carbocyanins  with  substituents! 
at  the  9  nos it ion 

Dicarbocyanins 

Isocyanins 

1  * 

H 

CH3 

C2H5  1 

! 

557.5[12] 

543.5[12] 

547.5[12] 

650  [13] 

503  [13] 

578  I 

566  ! 

570 

667 

507 

586  j 

573 

1 

j  578 

i  677  ; 

519 

j 


578  i  566 


570 


669 


508 


I 


I 


C6H5CH2~N=C--NH— 


NH2— [li^,  15] 
CH3CONH— [16,  17]  1 


586 

59^ 

577 


573 


578 


680 


688 

670 


519 


512 


We  see  that  the  absorption  maxima  for  the  thiacarbocyanins  without 
substituents  in  their  chains  are  shifted  20.5  m,«- toward  longer  wavelengths  when 
alkyl thiocarbamide  groups  are  added  at  the  6,6’  positions.  S-Ethylisothio- 
carbamide  groups  produce  a  much  greater  bathochromic  shift,  totaling  28.5 
In  the  Isocyanins,  the  S-ethylisothiocarbamide  group  produces  a  shift  of  about 
16  mj-v,  while  the  thiocarbamide  group  causes  a  shift  of  only  4-5  m^.  In  contrast 
to  the  6,6 ’ -diaminothiocarbocyanins,  the  absorption  maxima  of  the  dyes  that 
contain  thio-  and  Isothiocarbamide  groups  are  shifted  appreciably  toward  the 
shorter  wavelengths,  like  the  other  acylamino  derivatives  [l4,17,l8]. 


As  was  first  noted  by  A.  I.  Kiprianov  [l4],  the  deep  color  of  6,6’- 
diaminothiacarbocyanins  is  apparently  due  to  a  shift  of  electrons  from  the 
nitrogen  atom  of  the  amino  group  to  the  polymethine  chromophore,  as  represented 
by  Formula  (V) .  In  dyes  that  contain  thiocarbamide  groups  this  shift  is 
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diminished  because  of  the  attraction  of  electrons  to  the  sulfur  atoms  of  the 
thiocarbamide  groups  (Formula  VI),  resulting  in  a  heightening  of  the  color. 

Such  a  diversion  of  electrons  is  much  less  likely  in  isothiocarbamide  groups 
(Formula  VII) ,  so  that  the  difference  between  the  absorption  of  dyes  containing 
^ these  groups  and  that  of  the  corresponding  diamino  derivatives  is  diminished 
substantially. 


(V)  (VI)  (VII) 

Photographic  tests  of  the  synthesized  dyes  have  shown  that  in  some 
instances  the  introduction  of  N-alkylthio  and  N,S-dialkylisothiocarbamide  groups* 
into  the  molecule  of  thiacyanin  dyes  increases  their  ability  to  act  as  optical 
sensitizers.  S-Ethyl-N-alkylisothlocarbamide  derivatives  are  much  more  effective, 
as  a  rule.:  The  sensitizing  ability  of  dyes  containing  N-alkylthio-  and  N-allyl- 
S-ethylisothiocarbamide  groups  is  usually  higher  than  that  of  the  corresponding 
N-benzyl  derivatives,  which  is  apparently  due,  to  a  certain  extent,  to  the  lower 
solubility  of  the  latter.  Like  other  acylaminothiacyanins  [19],  none  of  the 
synthesized  dyes  possesses  any  appreciable  second-order  sensitizing  ability. 

We  found,  however,  that  dyes  containing  N-alkylthlocarbamide  groups  do  not 
increase  the  overall  sensitivity  of  silver  halide  emulsions  substantially,  and 
hence,  are  not  chemical  sensitizers.  Nor  does  the  introduction  of  these  dyes 
into  an  emulsion  cause  much  of  an  increase  in  fog  density. 

EXPERIMENTAL 

2-Methyl-6-aminobenzothiazole  ethyl-p=tolusulfonate  hydrochloride.  A 
mixture  of  8.70  g  of  2-methyl-6-acetaminobenzothiazole  and  8.88  g  of  the 
ethyl  ester  of  p-toluenesulfonic  acid  was  heated  to  120-135°  for  6  hours. 

The  salt  was  dissolved  in  175  ml  of  hydrochloric  acid  (sp.  gr.  I.I.9),  and 
the  liquid  was  refluxed  for  4  hours.  Evaporation  and  vacuum  drying  yielded 
16.5  8  of  the  theoretical).  Colorless  crystals  with  a  m.p.  of  202® 

(from  absolute  alcohol),  readily  soluble  in  water,  more  sparingly  in  absolute  . 
alcohol. 

Found  N  7.065  Cl  9.01.  CiTHeiNaOaSaCl.  Calculated  N  6.995  01  8.85. 

2-Methyl-6-aminobenzothlazole  ethylper chlorate .  This  was  prepared  by 
adding  sodium  perchlorate  to  a  solution  of  1.88  g  of  2 -methyl -6-amlnobenzo- 
thiazole  ethyl-p-tolusulfonate  hydrochloride  in  I5  ml  of  water  with  1.5  S  of 
pyridine  present.  The  yield  was  1,1  g,  or  80.3^  of  the  theoretical.  Colorless 
crystals ' (from  water ) .  M.p.  204®. 

Found  N  9-37.  C.10H13O4N2SCI.  Calculated  K  9.57. 

Ethiodide.  Colorless  crystals  (from  ethyl  alcohol),  m.p,  24l®. 

Found  N  8.44.  C10H13N2SI.  Calculated  N  8.75. 

2-Methyl-6- (N-allylthlocarbamide-N* ) -benzothlazole  was  prepared  by  heating 
a  mixture  of  0.50  g  of  2-methyl-6-aminobenzothiazole,  O.3I  g  of  allyl  mustard 
oil,  and  2.5  ml  of  ethyl  alcohol  fqr  1  hours  on  a  boiling  water  bath  in  a  flask 
fitted  with  a  reflux  condenser.  After  the  mixture  had  cooled,  the  precipitate 
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was  filtered  out  and  washed  with  alcohol  and  ether.  The  yield  was  0.63  g 
(78.5^  of  the  theoretical).  Colorless  prisms  (from  ethyl  alcohol,  m.p.  I56®. 
Slightly  soluble  in  ether. 

Found  N  15.86,  15.73-  C12H13N3S2.  Calculated  N  15-96. 

2.Meth.yl-6-  ( N-allylthiocarbamldo-N ' )  -benzothlazole  ethyl-p-tolusulf  onate , 

A  solution  of  Id. 5  g  of  2-methyl-6-amlnobenzothlazole  ethyl-p-tolusulfonate 
hydrochloride  in  45  ml  of  absolute  ethyl  alcohol  was  boiled  for  5  hours  in  a 
flask  fitted  with  a  reflux  condenser  (bath  temperature  100-110®)  with  4.4  ml 
of  pyridine  and  8.08  g  of  allyl  mustard  oil.  Then  the  reaction  product  was 
precipitated  with  anhydrous  ether  and  recrystallized  from  absolute  ethyl 
alcohol.  The  yield  was  11.4  g  (6o^  of  the  theoretical).  Colorless  crystals 
(from  alcohol),  m.p.  175“ -  Readily  soluble  in  water  and  alcohol. 

Found  C  54.22j  H  5-30;  N  9.l4.  C21H25O3N3S3.  Calculated  C  54.38j 
H  5-435  N  9-07- 

The  e thy Iper chlorate  was  prepared  by  adding  sodium  perchlorate  to  an 
aqueous  solution  of  the  preceding  compound  (70^  of  the  theoretical  yield). 
Colorless  prisms  (from  ethyl  alcohol),  m.p.  139“- 

Found  N  10. 65.  Ci4Hie04N3S2Cl.  Calculated  N  10. 78. 

The  ethiodide  was  prepared  like  the  preceding  compound.  M.p.  179“- 

Found  N  9-79-  C14H18N3S2I-  Calculated  N  10.02. 

2-Methyl-6- (N-benzylthlocarbamide-N* ) -benzothlazole  was  prepared  by 
heating  0.4l  g  of  2-methyl-6-amlnobenzothiazole  with  0.45  g  of  benzyl  mustard 
oil  and  I.5  ml  of  absolute  ethyl  alcohol  for  3  hours  on  a  boiling  water  bath. 

The  yield  was  0.72  g  (92.0^  of  the  theoretical).  Colorless  transparent 
leaflets  (from  ethyl  alcohol),  m.p.  191“.-  Slightly  soluble  in  ether. 

Found  N  13-71,  13-76.  C16H15N3S2.  Calculated  N  13-41. 

2-Methyl-6- ( N-benzylthiocarbamido-N  * ) -benzothlazole  ethyl-p-tolusulf onate . 
This  was  pi:epared  by  boiling  a  solution  of  3-34  g  of  2-methyl-64aminobenzothlazole 
ethyl-p-tolusulfonate  hydrochloride  in  7  ml  of  absolute  ethyl  alcohol  for  4  hours 
with  0.68  ml  of  pyridine  and  I.78  g  of  benzyl  mustard  oil.  The  product  was 
precipitated  with  ether  and  washed  with  acetone.  The  yield  was  2.6  g  (60.7^  of 
the  theoretical).  Colorless  crystals  (from  ethyl  alcohol).  M.p.  200°. 

Found  C  58.43,  58.II5  H  5-74,  5.635  N  8.46,  8.34.  C25H2TN3O3S3 - 
Calculated  C  58.435  H  5.3O5  N  8.19- 

The  ethiodide  was  prepared  by  precipitating  a  solution  of  the  preceding 
compound  with  potassium  iodide  (93^  of  the  theoretical  yield) .  Colorless 
transparent  leaflets  (from  ethyl  alcohol).  M.p.  200°. 

2 -Methyl-6- (N-allyl-S-ethylisothiocarbamido-N' ) -benzothlazole.  A  mixture 
of  2.1  g  of  2-methyl-6- (N-allylthlocarbamido-N* ) -benzothlazole  and  I.60  g  of 
the  ethyl  ester  of  p-toluenesulfonic  acid  was  heated  to  130-l4o°  for  6  hours. 

The  salt  was  dissolved  in  water  (60  ml),  the  odor  of  ethyl  mercaptan  being 
noticed,  and  3  ml  of  pyridine  was  gradually  added  to  the  aqueous  solution  after 
it  had  been  decolorized  with  charcoal.  The  light-yellow  oil  that  separated  out 
crystallized  upon  standing.  The  yield  was  1.01  g  (43.4^  of  the  theoretical). 
Colorless  prisms  with  a  m.p.  of  79“  (from  gasoline).  Readily  soluble  in  alcohol, 
acetone,  and  ether,  less  so  in  gasoline,  insoluble  in  water. 

Found  N  14.48,  l4.21.  C14H17N3S2.  Calculated  N  l4.42. 

No  precipitate  is  formed  when  sodium  perchlorate  is  added  to  the  aqueous 
filtrate,  evaporated  to  small  volume,  which  indicates  that  no  quaternary  salt 
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is  prei^^*:ito 

Ir  other  experiments  we  secured  the  ^-toluenesulfonate  of  this  base.  A 
solutho.-t  of  1.31  g  of  2-methyi-6-(N-allythlocarbamido-N' )  ~l3®iizothiazole  and 

l. 00  g  OJ‘  the  etr.yl  ester  of  £-toiuenesulfonic  acid  in  15  ml  of  absolute  ethyl 
alcohoJ  was  refluxed  for  1.5  hours.  Driving  off  the  alcohol  in  vacuo  and 
crystal  '/. zing  from  acetone  yielded  O.85  g  (36.7^  of  the  theoretical)  of  colorless 
prisms  with  a  m.p.  of  149*^  ^from  acetone).  Readily  soluble  in  alcohol,  less  so 
in  water  and  acetone. 

Found  N  9.17,  9^10.  Ci4Hi7N3S2-C7H803S.  Calculated  .N  9-07. 

Adding  0.07  ml  of  pyridine  to  a  solution  of  O.36  g  of  the  salt  in  2  ml  of 
alcohol  yielded  O.18  g  (79.5^  of  the  theoretical)  of  2-methyli.6-(N-aliyl-S- 
ethyllsothlocarbamldo-N' ) -t'^nzothiazole,  m.p.  79®.  *  ^ 

2.>f^etn.yi-6..  ■  M-ai:.yl-S-ethyllsothiocarbamido-N' )  -benzothiazole  ethylper- 
chlorate.  A  mixture  of  2,j..O  g  of  2-methyl-^- (N-allylthiocarbamldo-N' )* 
benzothiazoie  and  3.21  g  of  ethyl  p-toluenesulfonate  was  heated  to  130-l40® 
for  6  hours.  The  hyaline  mass  was  dissolved  in  20  ml  of  water  emd  2  ml  of 
pyridine  were  added,  followed  by  I.5  g  of  sodium  perchlorate.  The  resulting 
precipitate  was  filtered  out  and  washed  with  water  and  ether.  The  yield  was 
2.31  g  : 68^  of  the  theoretical).  Colorless  leaflets  (from  alcohol).  M.p. 

149*".  Rather  easily  soluble  in  alcohol  and  water. 

Found  i-i  N  9.81,  10.00.  CiaH2204N3S2Cl.  Calculated  N  10.01. 

Tl'.ls  same  product  was  also  prepared  by  heating  2-methyl-6-.(N-allyl-S- 
ethy !  isotniocarbamldo-R' )-benzothiazole  jo-toluene sulfonate  to  130-l40®  with 
0.13  g  of  ethyl  p-toiuenesulfonate  for  6  hours,  followed  by  dissolving  the 
resultant  hyaline  mass /in  water,  adding  pyridine,  and  precipitating  with 
sodium  perchlorate  (36.8^  of  the  theoretical  yield).  The  acrid  odor  of 
ethyl  m^^rcaptan  was  observed  when  the  hyaline  reaction  mass  was  dissolved 
Ir  water  In  both  experiments. 

2-’^etbyl-.6-  { N-benzyl-S-ethyllsothiocarbamido-N  * )  -benzothidzole .  This 
was  prepared,  like  the  allyl  derivative,  by  heating  a  mixture  of  2-methyl-6- 
(N-berzylthiocarbamido-N- ' -benzothiazole  (I.58  g)  and  ethyl  p-toluenesulfonate 
fi.O  g;,  fo.l lowed  by  treatment  with  pyridine  (0.45  ml).  The  yield  was  43^  of 
the  th-er'  i  icai..  Colorless  crystals  with  a  m.p.  of  98®  (from  gasoline). 

Read-  t:^luble  In  alcohol  and  acetone,  less  so  in  ether  and  gasoline,  insoluble 

i  \  L2.17,  12.32.  CisHisNaSg.  Calculated  N  12.51. 

re  unable  to  detect  the  presence  of  any  perceptible  amount  of  a 
o.a’e:  ‘-i;  salt  In  the  filtrate  of  the  base.  It  should  be  added  that  the 
oner  *;'■*  nyl  mercaptan  was  perceptible  here  again. 

-  ^■?t  ■yl-6-  'N-benzyl-S-ethylisothlocarbamldo-N* )  »benzothiazole  ethyl -p- 
to^ i.r r - s U.X f ona te .  A  mixture  of  4.7  g  of  2-methyl-^-(N-ba:i^lthiocarbamido-N' )- 
ber.zo’  lazole  and  6,0  g  of  ethyl  p-toluenesulfonate  was  heated  to  120-128®  for 
7  hours.  The  salt  was  dissolved  in  100  ml  of  boiling  water,  and  5  ml  of 
pyridire  were  added  to  the  solution.  After  the  solution  had  cooled,  the 
Xireclpitate  was  filtered  out  and  washed  with  water  and  ethep.  ^]he  yield  was 
5.68  g  '701^>  of  the  theoretical).  Slightly  yellowish  crystals  (from  alcohol), 

m. p,  199.5'',  rather  sparingly  soluble  in  water. 

Fo  md  n  7.57,  7.64.  C27H31O3N3S3.  Calculated  N  7.76. 

Ftt iodide — colorless  crystals  (from  alcohol),  m.p.  191®. 


Found  N  8.50,  8.57.  C20H24N3S2I.  Calculated  N  8.45. 

The  following  quaternary  salts  were  used  In  synthesizing  the  dyes: 

1)  2-methyl-6-(N-allylthiocarhamldo-K'  )-hen2othiazole  ethyl-jo-toluenesulfonatej 
II)  2-niethyl-6- (N-allyl-S-ethylisothlocarhamido-N'  )-benzothlazole  ethylper- 
chloratej  III)  2-methyl-6-(N-benzylthiocar'bamido-N’ )-benzothlazole  ethyl-g- 
toluenesulfonate j  and  IV)  2-methyl-6-(N-benzyl-S-ethyllsothiocarbamido-N’ ) - 
benzothiazole  ethyl-p-toluenesulfonate.  These  salts  are  denoted  by  the 
foregoing  Roman  numerals  in  Tables  2-5. 

The  carbocyanins  were  synthesized  by  heating  the  quaternary  salts  (O.Ol 
mole)  with  the  ethyl  esters  of  orthoformic,  orthoacetic,  and  orthopropionic 
acids  (0.002  mole)  (denoted  by  the  numerals  1,  2,  and  5  in  Table  2)  to  150-l40® 
in  pyridine  for  50  minutes.  After  the  reaction  mixture  had  cooled,  it  was 
diluted  with  ether  (50  ml),  and  the  precipitated  dye  was  washed  with  ether  and 
water  (20  ml)  and  refined  by  crystallization  from  ethyl  alcohol  (refining 
Method  A)  or  by  reboiling  it  with  small  quantities  of  ethyl  alcohol  (refining 
Method  B)  until  its  melting  point  remained  constant.  In  some  cases  the  £- 
toluene sulfonates  of  the  dyes  were  converted  into  the  less  soluble  bromides 
or  iodides  by  precipitating  them  with  potassium  bromide  or  iodide  in  a  water- 
alcohol  solution.  The  preparative’  conditions,  yields,  properties  and  analysis 
results  are  given  in  Table  2  for  the  carbocyanins  we  have  synthesized. 

Dicarbocyanins .  The  dicarbocyanins  were  synthesized  by  heating  equi- 
molecular  quantities  of  the  quaternary  salt  and  3-ethoxyacrolein  diethyl  acetal 
(0.001  mole  of  each)  in  pyridine  to  150-155**  for  50  minutes  [21,22].  The  dyes 
were  precipitated  with  ether  (20  ml)  and  washed  with  ethyl  alcohol  (2-5  ml), 
water  (50  ml),  acetone  (1-2  ml),  and  anhydrous  ether.  The  dyes  were  purified 
by  crystallizing  them  from  methanol  or  ethyl  alcohol  (refining  method  A)  or  by 
rewashlng  them  with  small  quantities  of  boiling  methanol  (refining  Method  B) . 

The  data  for  the  dicarbocyanins  synthesized  are  found  in  Table  5- 

Tricarbocyanins.  These  dyes  were  synthesized  in  two  ways:  l)  by  boiling 
a  solution  of  0.01  mole  of  the  (Quaternary  salt  and  O.OO5  mole  of  glutaconyl- 
idenedlanlline  hydrochloride  in  5  nil  of  absolute  ethyl  alcohol  with  a  solution 
of  0.01  mole  of  sodium  ethylate  in  1  ml  of  ethyl  alcohol  for  4  minutes  [25];  and 

2)  by  boiling  a  solution  of  0.02  mole  of  the  quaternary  salt  and  O.OI*  mole  of 
glutaconylldenedianillne  in  absolute  ethyl  alcohol  for  5-8  minutes.  In  both 
procedures  the  precipitated  dye  was  allowed  to  cool,  and  then  filtered  out  and 
washed  with  water,  alcohol,  and  ether.  The  dye  was  purified  by  crystallizing 
it  from  methanol  (refining  Method  A)  or  by  rewashlng  it  with  boiling  methanol 
(refining  Method  B) .  The  data  for  the  tricarbocyanins  synthesized  are  found 
in- Table  4. 

Isocyanins .  These  were  synthesized  by  boiling  a  solution  of  the  quaternary 
salt  (0.001  mole)  and  quinoline  ethiodide  (0.002  mole)  in  absolute  ethyl  alcohol 
(5  ml)  with  a  solution  of  sodium  ethylate  (0.002  mole  in  I.5  ml  of  ethyl  alcohol) 
for  20  minutes.  After  the  mixtures  had  cooled,  the  precipitated  dyes  were 
filtered  out,  washed  with  alcohol,  water,  and  ether,  and  refined  by  crystallizing 
them  from  methanol.  The  yields  of  these  dyes  and  their  properties  are  given  in 
Table  5>  together  with  the  results  of  their  analyses. 

The  authors  wish  to  express  their  profound  gratitude  to  Academician  Y.  M. 
Rodionov  for  his  Invaluable  counsel  in  the  carrying  out  of  the  present  research 
and  for  his  unflagging  interest  in, it. 
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SUMMARY 


L 


1.  The  6-N-allyl-and  benzylthiocarbamido-N ' -  and  6-N-allyl-  and  benzyl-S- 
ethylisothiocarbamido-N' -2-methylbenzothiazoles  have  been  synthesized,  plus  several 
quaternary  salts  of  these  bases. 

2.  In  an  investigation  of  the  feasibility  of  combining  the  properties  of  an 
optical  and  a  chemical  sensitizer  within  a  single  dye  molecule  24  new  iso-,  carbo-, 
dicarbo-,  and  tricarbocyanins  have  been  prepared  from  the  foregoing  quarternary 
salts . 

3.  Like  other  acylamino  derivatives,  the  absorption  maxima  of  thiacyanins 
possessing  thiocarbamido  and  S-ethylisothio-carbamido  groups  at  the  6  position  are 
shifted  toward  the  shorter  wave  lengths,  compared  to  the  maxima  of  the  respective 
amino  substitution  derivatives. 

4.  Thiacyanins  possessing  N-alkylthiocarbamido  and  N,S-dialkylisothiocar- 
bamido  groups  are  rather  effective  optical  sensitizers.  However,  the  presence  of 
N-alkylthiocarbamido  groups  does  not  impart  the  properties  of  chemical  sensiti¬ 
zers  to  dyes  that  contain  these  groups. 
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ac-TETRAHYDRONAPHTHOIC  AND  ^-TETRAHYDROTHIONAPHTHOIC  ACIDS 
AND  THEIR  DERIVATIVES 


3.  I.  Serglevskaya  and  N.  P.  Volynsky 

In  their  studies  of  hydrogenated  naphthoic  acids  research  workers  have  con¬ 
centrated  upon  aromatic  tetrahydronaphthoic  and  dihydronaphthoic  acids,  the  ali- 
cyclic  tetrahydronaphthoic  acids  being  investigated  only  in  passing,  while  deal¬ 
ing  with  other  problems,  and  the  information  we  have  on  them  is  extremely  limi¬ 
ted. 

The  present  research  has  had  as  its  objective  the  securing  of  precise  data 
on  the  methods  of  synthesis  and  the  properties  of  the  ac-tetrahydronaphthoic 
acids  themselves  and  of  their  derivatives.  Moreover,  we  were  also  interested 
in  the  ac-tetrahydrothionaphthoic  acids,  which  are  not  described  in  the  litera¬ 
ture,  in  connection  with  other  research  of  ours. 

The  method  of  synthesizing  ac-tetrahydronaphthoic  acid  used  most 'frequent¬ 
ly  is  the  reduction  of  a-  and  3-naphthoic  acids  by  sodium  amalgam  [1,2]  or  by 
sodium  with  isoamyl  [3]  or  ethyl  alcohol  [4].  We  employed  the  method  of  re¬ 
duction  by  sodium  with  isoamyl  alcohol,  modifying  the  quantities  of  reagents 
used  and  the  method  of  processing  the  substances  specified  in  the  literature. 

The  ac-a-  and  ac- 3- tetrahydronaphthoic  acids  thus  synthesized  contain  no  trace 
of  dihydronaphthoic  acids  (test  with  bromine  water),  and  their  yields  ranged 
from  67  to  70^.  The  literature  contains  only  brief  references  to  the  sim¬ 
plest  derivatives  of  ac-tetrahydronaphthoic  acids j  Bayer  [1],  for  instance, 
produced  ac-a-tetrahydronaphthoyl  chloride  by  reacting  the  acid  with  phos¬ 
phorus  pentacliloride,  but  did  not  isolate  it  in  the  pure  state j  Derrick  and 
Kamm  [2]  mention  ac- 3~ tetr ahydr onaphthoyl  chloride  but  do  not  give  its  phy¬ 
sical  constants,  and  so  forth. 

We  prepared  the  ac-tetrahydr onaphthoyl  chlorides  required  for  our  subse¬ 
quent  investigations  by  reacting  the  acids  with  thionyl  chloride  and  then  re¬ 
fining  the  product  by  distillation  in  vacuo  5  we  used  the  acid  chlorides  to  pre¬ 
pare  amides  of  the  acids  and  found  that  ac-a-tetrahydronaphthamlde  *  s  melting 
point  is  168°,  rather  than  ll6°  as  stated  by  Bayer. 

The  ac-tetrahydronaphthoic  acids  are  readily  produced  by  reacting  the 
chlorides  of  the  respective  carboxylic  acids  with  potassium  hydrosulfide 5 
they  are  nearly  colorless  liquids  that  distil  in  vacuo  and  have  a  disagree¬ 
able  odor.  We  also  synthesized  the  ethyl  esters  and  some  alkylaminoalkyl 
esters  of  the  ac-tetrahydronaphthoic  acids  and  their  thio  analogs. 

EXPERIMENTAL 

I.  Derivatives  of  ac-a- Tetrahydronaphthoic  Acid 

a c -a -Tetrahydronaphthoic  acid.  A  solution  of  60  g  of  a- naphthoic  acid 
in  1200  ml  of  absolute  isoamyl  alcohol  was  heated  to  boiling,  and  then  100  to 
150  ml  of  metallic  sodium  was  gradually  added  so  as  to  keep  the  alcohol  boiling 
gently.  The  reaction  was  carried  out  in  a  two-liter  flask  fitted  with  a  three- 
elbow  adapter  and  a  reflux  condenser. 
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After  all  the  sodium  had  dissolved,  100  ml  of  water  was  added,  and  the 
isoamyl  alcohol  was  driven  off  with  steamo  The  aqueous  alkaline  solution  was  ex¬ 
tracted  with  ether  to  remove  tarry  substances  and  then  acidulated  with  dilute  hy¬ 
drochloric  acid  (l‘.l)o  The  ac-a-tetrahydronaphthoic  acid  was  extracted  with  ether, 
the  ether  driven  off,  and  the  residue  recrystallized  twice  from  petroleum  ether. 
This  yielded  40  g  of  ac-a-tetrahydronaphthoic  acid  with  a  m.p.  of  81-83° «  The 
yield  was  67^  of  the  theoretical. 

ac-g-Tetrahydronaphthoyl  chloride .  l4  g  of  ac-a-tetrahydronaphthoic  acid  was 
heated  for  4  hours  with  32  g  of  thionyl  chloride.  The  excess  thionyl  chloride  ijaa 
driven  off,  and  the  residue  distilled  in  vacuo.  Double  distillation  yielded  l4  g 
of  a  yellowish  liquid  with  a  b.p.  of  l42.5-l43®  at  I8  mm.  The  yield  was  91^  of 
the  theoretical. 

0.2482  g.  subst.s  0.1872  g  AgCl.  O.2069  g.  subst.s  O.I562  g  AgCl. 

Found  Cl  18.66,  18.67.  CiiHiiOCl.  Calculated  Cl  18.50, 

ac-g-Tetrahydronaphthamide .  This  was  prepared  by  reacting  ac-a-tetra- 
hydronaphthoyl  chloride  with  an  aqueous  solution  of  ammonia.  Double  recrys¬ 
tallization  from  aqueous  methanol  yielded  the  amide  with  a  m.p.  of  168°^  it 
crystallized  as  elongated  needles. 

3.198  mg  subst.i  8.850  mg  CO25  2.l46  mg  H2O.  3.125  mg  subst.s  8.637 
mg  CO25  2,i42  mg  H2O,  6.158  mg  subst.s  0,4-33  ml  N2  (29.5*’>  724.5 -mm). 

6.730  mg  subst.s  0.483  ml  N2  (29. 5*"^  720„5  mm).  Found  ^s  C  75*^7^ 

75.385  H  7.51,  7. 675  N  7.55,  7.67-,  C11H13ON.  Calculated  C  75.*^95 

H  7.435  N  8.00. 

Dimethylaminoethyl  ester  (hydrochloride).  3.9  S  (0.02  mole)  of  ac-a- 
tetrahydronaphthoylchlorlde  was  dissolved  in  20  ml  of  absolute  benzene,  I.7  g 
(0.02  mole)  of  dimethylamlnoethanol  were  added  to  the  solution,  and  the  mix¬ 
ture  was  heated  to  boiling  for  6  hours.  The  benzene  was  driven  off,  and  the 
residue  triturated  with  absolute  ether  until  it  solidified.  This  yielded  4,4 
g  of  a  colorless  hygroscopic  substance  with  a  m.p.  of  110-112.5°.  Double 
recrystallization  from  absolute  benzene  did  not  raise  the  melting  point.  Tlie 
yield  was  about  72^  of  the  theoretical. 

The  hydrochloride  of  the  dimethylaminoethyl  ester  of  ac-a-tetrahydro- 
naphthoic  acid  is  a  colorless  hygroscopic  substance  that  is  readily  soluble 
in  water,  alcohol,  and  chloroform,  and  when  heated  in  benzene.  It  is  insolu¬ 
ble  in  ether. 

5.513  mg  subst.s  0,232  ml  N2  (17%  730,5  mm).  Found  h  4.76. 

C15H21O2N  »  HCl.  Calculated  ^s  N  4.93. 


A  mixture  of  2.5  g  of  ac-a-tetrahydronaphthoyl  chloride,  1„5  g  of  diethyl- 
aminoetlanol,  and  30  ml  of  absolute  benzene  was  heated  to  boiling  for  3-4  hours. 
The  hydrochloride  of  the  diethylaminoethyl  ester  of  ac-a-tetrahydronaphthoic 
acid  crystallized  out  as  the  mixture  cooled,  yielding  2.6  g  of  a  substance  with 
a  m.p.  of  115-117°.  A  single  recrystallization  from  absolute  benzene  to  which 
chloroform  had  been  added  yielded  2.2  g  of  e  substance  with  a  m.p.  of  139.5-140°. 
The  yield  was  about  55^  of  the  theoretical. 

The  hydrochloride  of  the  diethylaminoethyl  ester  of  ac-a-tetrahydronaphthoic 
acid  is  a  colorless,  slightly  hygroscopic  substance,  soluble  in  water,  alcohol, 

benzene . 

[5]. 


and  chloroform,  and  when  heated  ii 
^)  Synthesized  previously,  cj 
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6.557  nig  substance;  O.256  ml  N2  (29  =  5*^  725*0  nun).  Found  N  4.51. 
CirBssOaN-HCl.  Calculated  N  4.50. 

Isopropylamlnoetbyl  ester  (hydrochloride).  1.95  g  (O.Ol  mole)  of  ac-g-tetra- 
hydronaphthoyl  chloride  was  dissolved  in  10  ml  of  anhydrous  chloroform,  and  a  solu¬ 
tion  of  1  g  (0.01  mole)  of  isopropylaminoethanol  in  chloroform  saturated  with  anhy¬ 
drous  hydrogen  chloride  was  added.  The  mixture  was  then  heated  to  50-55*  for  24 
hours.  When  the  reaction  was  finished,  the  chloroform  was  driven  off  in  vacua,  and 
the  residue  triturated  with  absolute  ether  until  it  solidified.  This  yielded  2.2  g 
of  a  white  substance  with  a  m.p.  of  107-114*.  Double  recrystallization  from  abso¬ 
lute  benzene  to  which  absolute  ether  had  been  added  yielded  2  g  of  a  substance  with 
a  m.p.  of  approximately  119-121*.  The  yield  was  67^  of  the  theoretical.  The  hydro¬ 
chloride  is  soluble  in  water  and  alcohol  and,  when  heated,  in  benzene. 

6.999  Dig  substance;  0.294  ml  Ng  (I8.O*,  757*0  mm).  Found  n4.99* 
Ci6B2302N»HC1.  Calculated  N  4.71* 

]^-Chloropropyl  ester.  17*6  g  (0.1  mole)  of  ac-g-tetrahydronaphthoic  acid  was 
dissolved  in  methanol,  and  an  alcoholic  solution  of  KOH  (phenolphthaleln  test)  was 
added  to  the  solution,  after  which  the  alcohol  was  driven  off  completely  in  vacuo. 

The  resulting  potassium  salt  of  ac-g-tetrahydronaphthoic  acid  was  heated  to  100* 
tor  20  hours  with  50  g  of  trimethylene  chlorobromide ,  after  which  the  reaction  mix¬ 
ture  was  poured  into  water.  The  lower  layer  was  separated,  washed  with  water,. and 
desiccated  with  CaCl2*  Double  distillation  in  vacuo  yielded  18.5  g  of  a  light- 
yellow  liquid  with  a  b.p.  of  l64-l65*  at  4  mm.  The  yield  was  about  75^  of  theoretical. 

0.2166  g  substance;  0.1188  g  AgCl.  0.2277  g  substance;  O.I260  g  AgCl. 

Found  Cl  15*57,  15*69*  C14H17O2CI.  Calculated  Cl  I5.06. 

"ll-Diethylaminopropyl  ester  (hydrochloride).  A  mixture  of  2.6  g  (0.01  mole)  of 
the  1  -chloropropyl  ester  of  ac-g-tetrahydronaphthoic  acid,  7*0  (0.01  mole)  of  dl- 
ethylamine,  and  0.2  g  of  Nal  was  heated  to  boiling  for  16  hours,  after  which  the  re¬ 
action  mixture  was  poured  into. water  and  extracted  with  ether.  The  ether  solution 
was  washed  with  water  and  desiccated  with  Na2S04.  Then  the  ether  and  the  diethyl- 
amine  were  driven  off  by  heating  in  vacuo  to  100* .  The  residue  was  dissolved  in 
absolute  ether,  the  hydrochloride  being  thrown  down  by  adding  an  ether  solution  of 
hydrogen  chloride. 

The  hydrochloride  of  the  ^ -diethylaminopropyl  ester  of  ac -o^tetrahydronaphtholc 
acid  was  recrystallized  twice  from  a  mixture  of  absolute  benzene  and  absolute  ether. 
This  yielded  0.8  g  of  a  substance  with  a  m.p.  of  107-108. 5**  The  yield  was  about 
24^  of  the  theoretical.  The  substance  is  soluble  in  water  and  alcohol  and,  when 
heated,  in  benzene. 

7.579  nig  substance;  O.276  ml  N2  (I6.0*,  747*6  mm).  6.960  mg  substance;  O.269 
ml  N2  (16.0*,  7^2.6  mm).  Found  N  4.24,  4.46.  Ci8H2702N“ECl.  Calculated  4.50. 

II.  ac-g-Tetrahydrothionaphtholc  Acid  and  Its  Derivatives 

ac-g-Tetrahydrothionaphtholc  acid.  9*5  g  of  potassium  hydroxide  (90^  alkali) 
was  dissolved  in  56  nil  of  absolute  alcohol.  The  solution  was  chilled  to  minus  5  ‘to 
10*  and  then  saturated  with  hydrogen  sulfide  as  determined  by  its  gain  in  weight 
(about  7  g) *  A  solution  of  l4.5  g  of  ac-g-tetra hydronaphthoyl  chloride  in  10  ml  of 
absolute  benzene  was  gradually  added,  with  mechanical  stirring,  to  the  resulting 
solution  of  potassium  hydrosulfide.  The  temperature  of  the  reaction  mass  did 
not  exceed  -2*.  Stirring  was  continued  for  15  minutes,  after  which  the  precipita¬ 
ted  KCl  was  filtered  out  and  the  filtrate  evaporated  in  vacuo  until  a  viscous  mass 
was  produced.  Trituration  with  absolute  ether  yielded  15  g  of  the  potassium  salt 
of  ac-g-tetrahydrothionaphthoic  acid.  The  yield  was  about  76^  of  the  theoretical. 
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The  potassium  salt  was  dissolved  in  water  and  acidulated  with  dilute  hydrochloric 
acid^  the  oil  that  settled  out  being  extracted  with  ether.  The  ether  solution 
was  washed  with  water  and  desiccated  with  Na2S04,  after  which  the  ether  was  driven 
off,  and  the  residue  distilled  twice  in  vacuo. 

ac^g-Tetrat^drothionaphthoic  acid  is  a  colorless  liquid  with  a  b.p.  of 
1^3“  at  7  mm.  must  be  kept  ip  a  sealed  ampoule,  turning  turbid  when  exposed 
to  air. 

0.1900  g  subst.s  0.222  g  BaS04.  Found  S  l6.04,  CnH.iaOSa  Calculated  <fo% 

S  16.66. 

Ethyl  ester  of  ac-a-tetrahydrothionaphtholc  acid.  3.0  g  of  the  potassium 
salt  of  ac-g-tetrahydrothionaphthoic  acid  was  heated  on  a  water  bath  for  2„5 
hours  with  30  g  of  C2H5I.  Then  water  was  added,  the  heavy  organic  layer  was 
sexmrated,  and  the  excess  C2H5I  was  driven  off.  Distillation  in  vacuo  yielded 
2.0  g  of  a  colorless  liquid  with  a  b.po  of  152-153*^  at  7  nim.  The  yield  was 
about  70'jf>  of  the  theoretical. 

0.1972  g  substances  O.208O  g  BaS04.  0.266B  g  substances  0.2822  g  BaSOt^. 

Found  p.  S  1UA8,  14.52.  C13H16OS0  Calculated  S  l4,54, 

Dlethylaminoethyl  ester  (hydrochloride)  of  ac-g-tetrahydrothionaphthoic  acid. 
2.6  grams,  (0.01  mole  +  an  excess  of  0,3  g)  of  the  potassium  salt  of  ac~g-tetra> 
hydrothionaphthoic  acid  was  dissolved  in  I5  ml  of  absolute  ether,  1,35  g  (0,01 
mole)  of  freshly  distilled  dlethylaminoethyl  chloride  were  added,  and  the  mixture 
was  heated  to  5O-6O®  for  5  hours.  The  precipitated  KCl  was  filtered  out,  and  the 
filtrate  was  evaporated  in  vacuo  until  nearly  all  the  alcohol  had  been  driven  off. 
Water  was  added  to  the  residue,  and  the  alkamino  ester  was  extracted  with  ether. 
The  ether  solution  was  washed  with  water  and  desiccated  with 'WaaSO^i,.  The  hydrcb- 
chloride  was  thrown  down  by  carefully  adding  an  ether  solution  of  HCl.  This 
•yielded  3.2  g  of  a  substance  with  a  m.p.  of  II8-I28®.  Then  the  hydrochloride  was 
recrystallized  twice  from  absolute  benzene  to  which  chloroform  had  been  added. 

This  yielded  2.6  g  of  a  colorless  substance  with  a  m.p.  of  142-144®,  The  yield 
was  about  79^  of  the  theoretical. 

The  hydrochloride  of  the  dlethylaminoethyl  ester  of  ac-g-tetrahydrothionaph- 
thoic  acid  consists  of  cubes  that  are  readily  soluble  in  water,  alcohol,  and 
chloroform,  and,  when  heated,  in  benzene.  They  are  insoluble  in  ether. 

0.1980  g  substances  0.l4l0  g  BaS04.  Found  S  9.78.  Ci7H250NS»HCl, 
Calculated  ^5  S  9.77. 

III.  Derivatives  of  ac-3-tetrahydronaphthoic  Acid 

a c- P-Tetrahydr onaphthoic  acid.  The  method  used  for  the  synthesis  of  ac-3- 

tetrahydronaphthoic  acid  was  similar  to  that  used  in  preparing  the  ac-g-tetrahydro 
naphthoic  acid,  the  sole  difference  being  that  the  3-naphthoic  acid  was  added  to 
the  reaction  mixture  gradually,  as  hydrogenation  progressed,  inasmuch  as  the 
sodium  salt  of  3-naphthoic  acid  is  very  slightly  soluble  in  isoamyl  alcohol. 

A  solution  of  10  g  of  3-naphthoic  acid  in  1200  ml  of  isoamyl  alcohol  was 
placed  in  a  two-liter  flask,  the  solution  was  heated  to  boiling,  and  20  g  of  metal 
lie  sodium  was  gradually  added,  precipitating  the  jellylike  sodium  salt  of  3-naph¬ 
thoic  acid,  which  disappeared  as  hydrogenation  progressed,  after  which  10  more 
grams  of  the  naphthoic  acid -and  20  g  of  sodium  were  added,  and  so  forth.  A  total 
of  4o  g  of  3-naphthoic  acid  and  100  g  of  sodium  was  placed  in  reaction  in  this 
manner.  When  the  reaction  was  finished,  water  was  added  and  the  isoamyl  alcohol 
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was  driven  off  with  steam,  the  remaining  aqueous  alkaline  solution  being  acidulated, 
with  hydrochloric  acid.  The  ac-3-tetrah.ydronaphthoic  acid  that  settled  out  as  an 
oil  soon  solidified.  The  yield  was  3^  g*  The  m.p.  was  9^“  after  recrystallization 
from  petroleum  ether. 

Ethyl  ester.  5  grams  of  ac-3-tetrahydronaphthoic  acid  was  heated  for  2.5  hours 
with  40  ml  of  absolute  alcohol  and  10  drops  of  concentrated  H2SO40  When  the  react¬ 
ion  was  finished,  the  excess  alcohol  was  driven  off,  water  was  added,  and  the  mix¬ 
ture  was  extracted  with  ether.  The  ether  solution  was  washed  with  water  and  a  soda 
solution  and  desiccated  with  Na2S04o  After  double  distillation  in  vacuo  the  ethyl 
ester  of  ac-3-tetrahydronaphthoic  acid  was  a  colorless,  fragrant  liquid  with  a 
b.p.  of  13^137**  at  6  mm.  The  yield  totaled  4.5  g  of  the  substance,  or  about  78^ 
of  the  theoretical. 

3.787  mg  substances  10.544  mg  CO2;  2.592  mg  H2O.  Found  C  78.345  H  7.70. 
C13H16O2.  Calculated  ^s  C  78.475  H  7.84. 

Acid  chloride.  25  grams  of  ac-3~tetrahydronaphtholc  acid  was  heated  for  4 
hours  with  60  g  of  SOCI2.  When  the  reaction  was  finished,  the  excess  thlonyl  chlor¬ 
ide  was  driven  off,  and  the  acid  chloride  twice  distilled  in  vacuo.  This  yielded 
27  g  of  a  yellow-greenish  liquid  with  a  b.p.  of  l4l®  at  8  mm.  The  yield  was  about 
97^  of  the  theoretical. 

0.2122  g  substances  0.1545  g  AgCl.  0.2l60  g  substances  0.1590  g  AgOl.  Found 
^s  Cl  18.01,  18.21.  CiiHiiOCl.  Calculated  ^s  Cl  I8.3O. 

Amide.^^  This  was  prepared  by  reacting  the  ac-3-tetrahydronaphthoyl  chloride 
with  a  concentrated  aqueous  solution  of  NH3.  After  double  recrystalllzation  from 
aqueous  methanol  the  ac-3-tetrahydronaphthamide  consisted  of  colorless  needles  with 
a  m.p.  of  138-137“ ^  readily  soluble  in  methanol. 

6.023  mg  substances  0.446  ml  N2  (27.5" ^  729.0  mm).  Found  ^5  N  8.06^  ^ 

C11H13ON.  Calculated  ^s  N  8.00.  j 

Dimethylaminoethyl  ester  (hydrochloride).  A  mixture  of  1.95  g  (O.Ol  mole)  of  , 

ac-3-tetrahydronaphthoyl  chloride,  0.8  g  (0,01  mole)  of  dimethylaminoethyletnanol, 
and  30  ml  of  absolute  benzene  was  heated  to  boiling  for  5  hours.  Absolute  ether  1 

was  added  after  it  had  cooled,  the  resultant  precipitate  being  filtered  out.  This  1 

yielded  2.4  g  of  a  substance  with  a  m.p.  of  110-114'’,  the  yield  being  about  86^  of 
the  theoretical.  Repeated  recrystalllzation  from  a  benzene-chloroform  mixture 
yielded  a  colorless,  slightly  hygroscopic  substance  with  a  m.p,  of  125-12*6®,  which 
was  readily  soluble  in  water,  alcohol,  and  chloroform,  and,  when  heated,  in  benzene. 

7.443  mg  substances  0.310  ml  N2  (17.O®,  745»0  mm).  Found  ^s  N  4.8l, 

Ci5H2i02N“HC1.  Calculated  ^s  N  4,93. 

Diethylamlnoethyl  ester  (hydrochloride) .  3*9  grams  of  ac-3-tetrahydronaphthoyl 

chloride  was  heated  together  with  2.35  g  oT  diethylamlnoethanol  and  30  ml  of  abso¬ 
lute  benzene,  A  precipitate  settled  out  as  the  solution  cooled.  This  yielded  6.0 
g  of  a  substance  with  a  m.p,  of  114-117®,  the  yield  being  about  96^  of  the  theoret¬ 
ical.  Triple  recrystalllzation  from  a  mixture  of  absolute  benzene  and  chloroform 
yielded  the  hydrochloride  of  the  diethylamlnoethyl  ester  of  ac-3-tetrahydronaphthoic 
acid  as  a  colorless,  hygroscopic  substance  with  a  m.p,  of  122,5-123,5“ ^  which  was 
readily  soluble  in  water,  alcohol,  and  chloroform,  and  when  heated,  in  benzene, 

5.558  mg  substances  0.217  ml  N2  (32®,  731  mm).  6.783  mg  substances  O.258  ml 
Ns  (28.0®,  727  mm).  Found  ^s  N  4.17,  4.12.  CirH2502N*HCl.  Calculated  N  4,50 


Also  synthesized  by  C.  Derrick  and  0.  Kamm  [2],  with  a  m.p. 


of  137®. 
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Isopropylamlnoethyl  ester  (hydrochloride) .  A  solution  of  2.1  g  (0.01  mole  + 
an.  excess  of  0.15  s)  of  ac-P-tetrahydronaphthoyl  chloride  in  10  ml  of  CHCI3  was 
mixed  with  a  solution  of  1  g  (0.01  mole)  of  isopropylaminoethanol  in  chloroform 
saturated  with  anhydrous  HCl.  The  mixture  was  heated  to  ^0-60°  for  2h  hours,  after 
which  the  chloroform  was  di’iven  off  in  vacuo  and  the  residue  triturated  with  abso¬ 
lute  ether  until  it  solidified.  This  yielded  2.2  g  of  a  substance  with  a  m.p.  of 
152-137°,  or  about  73^  of  the  theoretical.  Several  recrystallizations  from  absolute 
benzene  to  which  chloroform  had  been  added  yielded  a  substance  with  a  m.p.  of  I5I.5- 
152.5°  as  minute  needles  soluble  in  water  and  chloroform. 

7.756  mg  substance:  0.526  ml  N2  (20.5”,  7^5-0  mm).  Found  N.  4„78. 
CieHsaOaN'HCl.  Calculated  p.  N  4.71, 

t -Chloropropyl  ester.  8.8  grams  (0,05  mole)  of  ac-P-tetrahydronaphthoic  acid 
was  dissolved  in  methanol  and  neutralized  with  an  alcoholic  solution  of'KOH.  The 
alcohol  was  driven  off  in  vacuo,  and  the  residual  potassium  salt  of  ac-P-tetrahydro- 
naphthoic  acid  was  heated  with  50  g  of  trimethylene  chlorobromide  to  100°  for  20 
hours.  Then  water  was  added,  and  the  lower  layer  was  separated,  washed  with  water, 
and  distilled  in  vacuo.  This  yielded  10.0  g  of  a  light-yellow  liquid  with  a  b.p. 
of  164-165°  at  6  mm,  or  about  80^  of  the  theoretical. 

0.3547  g  substance:  0.1944  g  AgCl.  0.2541  g  substance:  0.l4l4  g  AgCl. 

Found  Cl  15.56,  15.76,  C14H17O2CI,  Calculated  Cl  l4.06. 

y -Diethylaminopropyl  ester  (hydrochloride).  A  mixture  of  2.6  g  (0.01  mole) 
of  the  y-chloropropyl  ester  of  ac-P-tetrahydronaphthoic  acid,  7  g  (0.1  mole)  of 
diethyl  amine,  and  0.2  g  of  Nal  was  heated  to  boiling  for  16  hours.  The  reaction 
mixture  was  then  treated  with  water  and  extracted  with  ether.  Procedures  analogous 
to  those  used  in  synthesizing  the  corresponding  alkylamlno  ester  of  ac-a-tetra- 
hydronaphtholc  acid  yielded  1,4  g  of  a  substance  with  a  m.p,  of  124-125.5*-  The 
yield  was  about  42^  of  the  theoretical.  Double  recrystallization  from  absolute 
benzene  yielded  a  colorless  substance  with  a  m.p.  of  I25 .5-^126.5* ,  soluble  in 
water  and  alcohol. 

6.012  mg  substance:  0.255  ml  N2  (17°,  730.5  mm).  Found  N  4,59. 
Ci8H2702N“HC1.  Calculated  N  4.50. 

IV.  ac-P-Tetrahydrothionaphtholc  Acid  and  Its  Derivatives 

ac- P-Tetrahydrothionaphthoic  acid.  This  was  synthesized  by  a  method  resemb¬ 
ling  that  used  for  the  corresponding  a-tetrahydrothionaphtholc  acid.  The  yield  of 
the  potassium  salt  of  a c- P- te tr ahydr othionaphthoic  acid  was  about  76^  of  the  theo¬ 
retical.  Acidulation  of  an  aqueous  solution  of  the  potassium  salt  yielded  ac-P- 
tetrahydrothionaphthoic  acid,  a  yellowish  liquid  with  a  b.p.  of  148-150°  at  6  mm. 

0.2870  g  substance:  0.5550  g  BaS04.  Found  S  16.05.  C11H12OS. 

Calculated  S  16.66. 

Ethyl  ester  of  ac-P-tetrahydr othionaphthoic  acid.  This  was  produced  by  react¬ 
ing  the  potassium  salt  of  ac-P-tetrahydr othionaphthoic  acid  with  C2H5I  (cf  the  cor¬ 
responding  ester  of  the  a-acid),  the  yield  being  70^, 

The  ethyl  ester  of  ac-P-tetrahydr othionaphthoic  acid  is  a  colorless  liquid 
with  a  b.p.  of  158°  at  6  mm. 

0.2588  g  substance:  O.2527  g  BaS04.  0.2215  g  substance:  0.2540  g  BaS04. 

Found  S  l4.56,  14.52.  CisHieOS,  Calculated  S  l4.54. 


-Diethylaminopropyl  ester.  2.8  grams  (O.Ol  mole  +  an  excess  of  O.5  g)  of 


the  potassium  salt  of  ac-3-tetrahydrothionaphthoic  acid  was  heated  together  with  I.5 
g  of  freshly  distilled  dlethylaminopropyl  chloride  and  I5  ml  of  absolute  alcohol  for 
5  hours  at  50-55“ •  The  precipitated  KCl  was  filtered  out,  and  the  filtrate  evapo¬ 
rated  in  vacuo.  The  usual  processing  yielded  2.6  g  of  the  hydrochloride  of  the 
alkamlno  ester  with  a  m.p,  of  110-115“,  the  yield  being  about  76^  of  the  theoretical. 
Triple  recrystallization  from  absolute  benzene  to  which  absolute  ether  had  been 
added  yielded  a  substance  with  a  m.p.  of  119-121*.  Light-yellow  leaflets,  readily 
soluble  in  alcohol  and  in  water,  and,  when  heated,  in  benzene. 

0.1520  g  substance:  0.1077  S  BaS04.  O.I38O  g  substance;  O.0967  g  BaS04. 

Found  S  9*73,  9-62.  CisHavONS-HCl.  Calculated  S  9.37. 

SUMMARY 

1.  The  simplest  derivatives  of  ac-tetrahydronaphthoic  acids  and  their  alkyl- 
aminoalkyl  esters  have  been  synthesized.  It  has  been  found  that  the  melting  point 
of  ac-g- tetr ahydr onaphthamlde  is  168®,  and  not  II6®  as  stated  in  the  literature. 

2.  ac-Tetr ahydr othlonaphtholc  acids  and  their  ethyl  and  alkylaminoalkyl  esters 
have  been  synthesized. 
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NAPHTHALENE  ANESTHETICS 

VII.  MONOADCYIAMINOALKIL^TERS  OF  SOME  NAPHTHALEHECARB05CYLIC  ACIDS 
S.  I.  Sergievskaya  and  E.  N.  Petrova 

The  monoalkylaminoalkyl  esters  of  aromatic  acids  have  attracted  considerable 
attention  during  the  past  ten  or  fifteen  years  as  anesthetics  of  a  new  type.  The 
dlalkylaminoalkyl  esters  of  4-amino- 1-naphthoic  acid,  first  synthesized  by  one  of 
the  present  authors  together  with  V.  V.  Nesvalba  [1],  proved  to  be  anesthetics  of 
high  quality,  so  that  we  thought  it  advisable  to  prepare  the  monoalkylaminoalkyl 
esters  of  4-amlno-l-naphthoic  acids  and  of  various  other  naphthalene  acids  by  way 
of  pursuing  our  previous  research. 

We  prepared  the  initial  monoalkylaminoethanols  (H0CH2C^2NHR) ,  with  normal 
alkyl  radicals  attached  to  the  nitrogen  atom,  by  reacting  amlnoethanol  with  alkyl 
halides  [2],  those  with  branched  radicals  attached  to  the  nitrogen  atom  being  pre¬ 
pared  by  hydrogenating  a  mixture  of  amlnoethanol  and  aliphatic  ketones  (acetone  or 
methyl  ethyl- ketone)  catalytically  [3).- 

Before  condensing  the  chlorides  of  naphthalene  acids  with  alkylamlno  alcohols, 
we  dissolved  the  latter  in  chloroform  saturated  with  hydrogen  chloride,  placing 
them  in  the  reaction  in  that  form,  in  order  to  avoid  acylation  of  the  secondary 
amino  group  [4].  This  method  was  used  to  synthesize  the  monopropyl-,  monoisopropyl-, 
monobutyl-,  mono isobutyl-,  and  monoheptylaminoethyl  esters  of  4-nltro-l-naphtholc 
acid,  the  monobutylaminoethyl  ester  of  5-nitro-l-naphthoic  acid,  and  the  monobutyl- 
and  mono i s ob uty lam i noethyl  esters  of  3- (naphthyl-l) -acrylic  acid. 

In  all  these  esters  of  4(5) -nitro-l-naphthoic  acids,  the  nitres  group  was 
reduced  catalytically.  The  use  of  Raney  nickel  as  the  catalyst  (which  we  frequently 
employed  in  the  x^ast  in  analogous  cases  [5])  involved  no  difficulty  in  the  reduction 
of  the  esters  of  4-nitro-l-naphthoic  acid.  The  reaction  was  carried  out  at  atmos¬ 
pheric  pressure  and  a  temperature  of  25-30®,  sometimes  40®.  Methanol  was  used  as 
the  solvent. 

The  hydrochlorides  of  the .monoalky laminoethyl  esters  of  4-amlno-l-naphtholc 
acid  are  faintly  colored  crystalline  substances  whose  melting  points  are  much  higher 
than  those  of  the  hydrochlorides  of  the  corresponding  esters  of  4-nitro-i -naphthoic 
acid. 

The  use  of  Raney  nickel  in  reducing  the  monobutylaminoethyl  ester  of  5~nitra- 
1-naphthoic  acid  under  the  conditions  specified  results  in  failures  hydrogen  was 
absorbed  very  slowly  and  the  quantity  absorbed  totaled  only  70^  of  the  theoretical, 
so  that  we  were  forced  to  employ  another  catalyst.  Using  palladium  black  in  this 
reduction  proved  to  be  entirely  satisfactory. 

Monoalkylaminoalkyl  Esters  of  4-Nitro- (Amino) -1-Naphthoic  Acids 

Propy laminoethyl  ester  of  4-nitro-l-naphtholc  acid  (hydrochloride).  5*1  nil 
of  chloroform,  saturated  with  hydrogen  chloride  and  containing  1,5  S  of  n-propyl- 
aminoethanol,  was  added  to  3.25  g  of  4-nitronaphthoyl  chloride  dissolved  in  5  nU-  of 
chloroform.  TTie  reaction  mixture  was  refluxed  for  24  hours  at  a  water-bath  temper¬ 
ature  of  55-6o® .  When  the  reaction  was  finished,  the  chloroform  was  driven  off  in 
vacuo,  and  the  remaining  dark-brown  oily  substance  was  washed  with  absolute  ether 
to  solidify  it,  after  which  it  was  recrystallized  from  absolute  ethyl  alcohol.  The 
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first  crystallization  yielded  1  g  of  a  substance  with  a  m.p.  of  171-17^“ «  The 
second  recrystallization  raised  the  m.p,  to  175-17^° • 

The  hydrochloride  of  the  propylaminoethyl  ester  of  the  t-nitronaphthoic  acid 
is  freely  soluble  in  ethyl  acetate,  benzene,  and  petroleum  ether. 

6.995  mg  substances  0,522  ml  Ns  (22“,  750  mm).  Found  N  8.50. 

Ci6Hi804N2->HC1.  Calculated  N  8.27. 

Propylaminoethyl  ester  of  4 -amino- l~napht hole  acid  (hydrochloride) ,  0.5  gram 

of  the  hydrochloride  of  the  propylaminoethyl  ester  of  4-nitronaphthoic  acid  was 
dissolved  in  methanol -and  then  agitated  in  hydrogen  with  0.12  g  of  Raney's  nickel 
catalyst  at  25-50®  and  atmospheric  pressure.  The  theoretical  amount  of  hydrogen 
was  absorbed  in  5  hours,  after  which  the  catalyst  was  filtered  out,  the  solvent  was 
driven  off  in  vacuo,  and  the  residue  was  crystallized  from  96^  ethyl  alcohol.  This 
yielded  0.I5  g  of  the  hydrochloride  of  the  propylaminoethyl  ester  of  ^-amlnonaph^ 
thoic  acid  with  a  mop.  of  205-206®.  Several  recrystallizations  yielded  the  sub¬ 
stance  as  faintly  colored  crystals  with  a  m.p,  of  208-208.5®. 

5.5^2  mg  substances  0.451  ml  Ns  (21.5®,  751  mm),  4.777  mg  substance;s  0,586  ml 
Ns  (19.5',  757.5  mm).  Found  ^s  N  9.00,  9.15-  CieHsoOsNs'HCl,  Calculated  N  9.07. 

Isopropylamlnoethyl  ester  of  4-nitro-l-naphthoic  acid  (hydrochloride), 

2.2  grams  of  4-nitronaphthoyl  chloride  dissolved  in  chloroform  and  1  g  of  isopropyl- 
aminoethanol  dissolved  in  2,5  ml  of  chloroform  previously  saturated  with  hydrogen 
chloride  were  placed  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser.  The 
reaction  mixture  was  refluxed  for  24  hours  on  a  water  bath  at  50-55**  >  after  which 
the  chloroform  was  driven  off  in  vacuo,  the  unreacted  4_nltronaphthoyl  chloride 
eliminated,  and  the  residual  oily  substance  treated  with  absolute  ether  until  it 
turned  into  a  sol.id,  when  it  was  crystallized  from  absolute  ethyl  alcohol  until  its 
melting  point  was  a  constant.  The  hydrochloride  of  the  isopropylamlnoethyl  ester 
of  4-nitronaphthoic  acid  is  a  colorless  crystalline  substance  with  a  m,p„  of  175-176®. 

4,655  mg  substances  0,545  ml  Ns  (26®,  756,6  mm),  4,795  mg  substances  0,556  ml 
Ns  (20®,  lil  mm).  Found  <jo%  N  8o25,  8.04.  Ci6Hi804Ns'HCl,  Calculated  N  8,27, 

Isopropylamlnoethyl  ester  of  4-amino-l-naphtholc  acid  (hydrochloride) , 

0.5  gram  of  the  hydrochloride  of  the  isopropylamlnoethyl  ester  of  l-nitro-l-naph- 
tholc  acid  was  dissolved  in  methanol  and  then  agitated  in  hydrogen  with  0.12  g  of 
Raney’s  nickel  catalyst  at  room  temperature  and  atmospheric  pressure.  The  theo¬ 
retical  amount  of  hydrogen  (65  ml)  was  absorbed  in  5.5  hours,  after  which  the  cata¬ 
lyst  was  filtered  out  and  the  solvent  driven  off  in  vacuo.  The  remaining  dark, 
oily  product  was  allowed  to  stand  beneath  a  layer  of  absolute  ether  until  it  hard¬ 
ened.  The  resultant  substance  was  crystallized  from  absolute  ethyl  alcohol  and 
then  recrystallized  several  times,  yielding  the  hydrochloride  of  the  isopropyl- 
aminoethyl  ester  of  4-aminonaphthoic  acid  as  a  colorless  crystalline  substance 
with  a  m.p,  of  200.5-201®,  The  hydrochloride  of  the  alkamino  ester  is  readily  sol¬ 
uble  in  methanol  and  acetone 5  it  dissolves  when  heated  in  chloroform  and  ethyl 
alcohol,  but  is  insoluble  in  benzene,  carbon  tetrachloride,  or  petroleum  ether. 

Its  solubility  in  water  is  ls20, 

5.925  mg  substances  0.529  ml  Ns  (25. 5**^  750  np) .  5.017  mg  substance.s  0.590 

ml  Ns  (17.0®,  7^5  mm).  Found  N  9.27,  8.98.  Ci6Hso0sNs“HCl,  Calculated  ^sN  9.O7. 

Butylaminoethyl  ester  of  4-nitro-l-naphthoic  acid  (hydrochloride) .  1,1 

grams  of  n-butylaminoethanol,  dissolved  in  5  ml  of  chloroform  saturated  with  hy¬ 
drogen  chloride,  and  2  g  of  4-nitronaphthoyl  chloride  were  placed  in  a  round-bot¬ 
tomed  flask  fitted  with  a  reflux  condenser,  and  the  reaction  mixture  was  heated  for 
24  hours  to  50-55 **  on  a  water  bath,  after  which  the  chloroform  was  driven  off  in 
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vacuo.  The  oily,  light-brown  substance  produced  was  allowed  to  stand  for  some  time 
with  absolute  ether,  which  extracted  the  unreacted  4-nitronaphthoyl  chloride,  T^e> 
substance  that  did  not  dissolve  was  filtered  out,  dried  in  vacuo,  and  recrystal¬ 
lized  from  absolute  ethyl  alcohol.  This  yielded  1.25  g  of  the  nitro  ester's  hydros- 
chloride  with  a  m.p.  of  l6l-l62* ,  Numerous  recrystallizations  raised  the  m.p,  of 
the  hydrochloride  of  the  butylaminoethyl  ester  to  162.5-I65®.  The  hydrochloride  is 
soluble  in  water,  methanol,  and  ethyl  alcohol,  and  sparingly  soluble  in  ethyl  ace- 
tote  and  acetone.  Crystallization  from  chloroform  may  be  successfully  used 
instead  of  crystallization  from  ethyl  alcohol.  ' 

7.920  mg  substance:  0.5^5  ml  Na  (16.5*,  727*5  mm).  Found  N  7*77* 
Ci7H2o04N2“HC1.  Calculated  N  7*9^* 

Butylaminoethyl  ester  of  4-amino-l-naphthoic  acid  (hydrochloride).  1.2  grams 
of  the  hydrochloride  of  the  butylaminoethyl  ester  of  4-nltronaphthoic  acid  was  dts- 
aolved  in  methanol,  0.48  g  of  Raney's  nickel  catalyst  suspended  in  methanol  was 
added  to  the  solution,  and  the  mixture  was  agitated  in  hydrogen  at  atmospheric 
pressure  and  a  temperature  of  25-50*^.  The  theoretical  amount  of  hydrogen,  (228  ml) 
was  absorbed  within  I.5  hours,  after  which  the  catalyst  was  filtered  out  and  the 
solvent  driven  off  in  vacuo.  The  slightly  colored  substance  left  after  the  sol¬ 
vent  had  been  driven  off  was  washed  with  ether,  dried  in  vacuo,  and  crystallized 
from  96^  ethyl  alcohol.  The  first  crystallization  yielded  0,5  g  of  the  hydrochlor¬ 
ide  with  a  m.p.  of  205-206®.  Triple  recrystallization  from  ethyl  alcohol  yielded  a 
substance  with  the  constant  m.p.  of  206-207®. 

The  hydrochloride  of  the  butylaminoethyl  ester  of  4-aminonaphthoic  acid  coa» 
sists  of  faintly  colored  needles  that  are  sparingly  soluble  in  acetone,  petroleum 
•ether,  and  chloroform,  and  soluble  when  heated  in  methanol  and  ethyl  alcohol.  The 
solubility  of  the  hydrochloride  in  water  is  negligible)  when  a  one  per  cent  aqueous 
solution  is  allowed  to  stand  for  a  long  time,  the  substance  crystallizes  out  as 
lustrous  large  needles.  It  is  not  hydrolyzed  by  boiling. 

5-159, mg  substance:  0.4l0  ml  Ns  (22“,  733.5  mm),  5*332  mg  substances  0,4i4 
ml  Na  (20“,'743  mm).  Found  N  8.87,  8.84.  CirHasOaNa'HCl,  Calculated  N  8.69, 

Isobutylaminoethyl  ester  of  4-nltro-l-naphthQlc  acid  (hydrochloride^ .  5*3 
grams  of  4-nitronaphthoyl  chloride  was  dissolved  in  I5  ml  of  anhydrous  chloroform;, 
end  4,1  ml  of  chloroform  saturated  with  hydrogen  chloride  and  containing.  1,8  g  of 
sec-butylaminoethanol  was  added  to  the  solution.  The  reaction  mixture  was  refluxed 
for  24  hours  on  a  water  bath  at  55-80®.  After  the  chloroform  had  been  driven  off  in 
vacuo,  there  was  left  3*8  g  of  ah  oily  product,  which  was  chilled  and  then  thoroughly 
triturated  with  absolute  ether  until  a  solid  substance  was  formed.  A  series  of  suc¬ 
cessive  crystallizations  from  absolute  ethyl  alcohol  yielded  a  colorless  crystalline 
substance  with  a  m.p.  of  152-153®*  The  hydrochloride  of  the  isobutylaminoethyl 
ester  of  4-nitronaphtholc  acid  crystallizes  from  acetone  as  minuie  colorless,  lus¬ 
trous  needles.  The  hydrochloride  is  freely  soluble  in  methanol  and  ethyl  alcohol,. 

3*943  rag  substance:  O.275  ml  Na  (17*5®,  748  mm).  Found  N  8,07* 
CirH2o04N2'HCl.  Calculated  N  7*94* 

Isobutylaminoethyl  ester  of  4-amlno-l-naphthnic  acid  (hydrochloride, . 

1.2  grams  of  the  Isobutylaminoethyl  ester  of  4-nltronaphtholc  acid  was  agitated 
together  with  0.48  g  of  Raney's  nickel  catalyst  in  a  methanol  solution  at  30-40®  in 
an  atmosphere  of  hydrogen.  The  theoretical  amount  of  hydrogen . (230  ml)  was  absorbed 
within  1  hour,  after  which  the  catalyst  was  filtered  out  and  the  solvent  driven  off 
in  vacuo.  Driving  off  the  solvent  left  behind  a  faintly  colored  substance.  Repeated 
recrystallization  yielded  the  hydrochloride  of  the  isobutylaminoethyl  ester  of  4- 
nltronaphthoic  acid  as  lustrous,  faintly  colored  crystals  with  a  m.p.  of  18I-I82® . 
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The  hydrochloride  was  soluble  when  heated  in  absolute  and  aqueous  ethyl  alco¬ 
hol,  and  is  Insoluble  in  acetone,  chloroform,  or  ethyl  acetate.  Its  solubility  in 
water  is  Is 50* 

mg  substances  0.352  ml  Ng  (l8.5“,  756.0  mm).  2.77^  substances  0o2^k 
ml  Ns  (18.5%  724.0  mm).  Found  N  8.67,  8.81.  CitHssOsNs-HCI.  Calc.^s  N  8.69. 

Heptylaminoethyl  ester  of  4-nltro-l-naphthoic  acid  (hydrochloride).  1  gram  of 
4-nitronaphthoyl  chloride,  dissolved  in  5  di1  of  chloroform  saturated  with  hydrogen 
chloride  and  containing  0.75  g  of  heptylaminoethanol,  was  placed  in  a  round-bottomed 
flask  fitted  with  a  reflux  condenser .  The  reaction  mass  was  heated  for  24  hours  on 
a  water  bath  at  50-55®,  after  which  the  chloroform  was  driven  off  in  vacuo  and  the 
residual  substance  was  washed  with  absolute  ether  to  eliminate  any  traces  of  the 
unreacted  4-nitronaphthoyl  chloride.  The  oily  substance  turned  into  a  solid,  which 
was  filtered  out  and  crystallized  from  absolute  ethyl  alcohol.  This  yielded  0.55  g 
(55^  yield)  of  a  substance  with  a  m.p.  of  l47-l49°. 

The  hydrochloride  of  the  heptylaminoethyl  ester  of  4-nitronaphtholc  acid  is  a 
colorless  crystalline  substance  with  a  m.p.  of  l48-l49“  that  is  freely  soluble  in 
methanol  and  chloroform,  and  sparingly  soluble  in  petroleum  ether,  acetone,  and 
ethyl  alcohol. 

4.751  mg  substance;  0.315  ml  (19.5®>  717»5  mm).  Found  N  7*09. 
CsoHaeO^Na'HCl.  Calculated  N  7.28. 

Heptylaminoethyl  ester  of  4-amlno-l-naphthoic  acid  (hydrochloride).  0.4  gram 
of  the  hydrochloride  of  the  heptylaminoethyl  ester  of  4_nltronaphtholc  acid  was 
dissolved  in  methanol  and  then  agitated  with  O.16  g  of  Raney's  nickel  catalyst  in 
hydrogen  at  atmospheric  pressure  and  at  a  temperature  of  25-30®.  The  theoretical 
amount  of  hydrogen  (70  ml)  was  absorbed  within  1  hour,  after  which  the  catalyst  was 
filtered  out  and  the  solvent  driven  off  in  vacuo.  The  residual  substance  was  re¬ 
crystallized  from  96^  ethyl  alcohol,  yielding  0.3  g  of  the  alkamlno  ester's  hydro¬ 
chloride  (with  a  m.p.  of  191-192®),  representing  80^  of  the  theoretical  yield. 

The  hydrochloride  of  the  heptylaminoethyl  ester  of  4-aminonaphthoic  acid  is  insol¬ 
uble  in  the  ordinary  organic  solvents  at  room  temperature 5  though  it  does  dissolve 
when  heated  in  methanol  and  ethyl  alcohol,  it  is  insoluble  in  chloroform,  petroleum 
ether,  or  benzene.  The  solubility  of  the  hydrochloride  of  the  heptylaminoethyl 
ester  of  4-aminonaphtholc  acid  in  water  is  extremely  low,  0.1  g  of  the  substance 
dissolving  in  35  ml  of  water. 

5.683  mg  substance;  O.382  ml  N2  (19.5°,  739  mm).  6.325  mg  substance;  0.431  ml 
Ns  (19.0®,  732  mm).  Found  N  7.63,  7.67.  CsoHssOsNa^HCl.  Calculated  N  7.68. 

Monobutylaminoethyl  Esters  of  5-Nitro-(or  Amino )-l-naphthoic  Acids 

Butylaminoethyl  ester  of  5-nitro-l-naphthoic  acid  (hydrochlor ide)\"  1.3  grams 
of  5-uitronaphthoyl  chloride  was  dissolved  in  chloroform,  and  0.6  g  of  butylamino- 
ethanol  in  chloroform  saturated  while  chilled  with  hydrogen  chloride  was  added. 

Then  the  reaction  mixture  was  heated  to  55-6o®  for  24  hours,  after  which  the  chlpro- 
form  was  driven  off  in  vacuo.  The  resultant  pasty  substance  was  triturated  with 
absolute  ether,  yielding  a  nearly  colorless  powder  with  a  m.p.  of  188-I9O® .  Two 
recrystallizations  from  absolute  ethyl  alcohol  yielded  a  crystalline  substance 
with  a  m.p.  of  197-198®. 

The  hydrochloride  of  the  butylaminoethyl  ester  of  5-nitronaphthoic  acid  is 
fi eely  soluble  in  methanol,  dissolving  when  heated  in  chloroform,  ethyl  alcohol, 
and  acetone,  though  not  dissolving  in  petroleum  ether. 

6.975  mg  substance;  0.492  ml  N2  (24®,  737  mm).  Found  N  7.86. 

Ci7H2o04N2“HC1.  Calculated  N  7.94. 

^)  See  next  page. 
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Butylamlnoethyl  ester  of  ^ -amino- 1-naphtholc  acid  (hydrochloride) .  0 <. 7  gram 
of  the  hydrochloride  of  the  hutylaminoethyl  ester  of  5-nitronaphthoic  acid  was 
dissolved  in  methanol,  and  the  solution  was  added  to  previously  reduced  palla¬ 
dium  black. 

The  amount  of  hydrogen  theoretically  required  to  reduce  the  nitro  group 
(135  ®l)  was  absorbed  within  20  minutes.  After  the  solvent  had  been  driven 
off  in  vacuo,  we  secured  a  faintly  colored  substance  with  a  m.p„  of  217-218*. 
Crystallization  from  absolute  ethanol  yielded  0.2  g  of  a  substance  with  a 
m.p.'of  219-220®  (0.3  g  of  a  substance  with  a  m.p.  of  217-220®  was  recovered 
from  the  mother  liquor). 

The  hydrochloride  of  the  buytlaminoethyl  ester  of  5-aminciiaphthoicacld  'is 
a  colorless  crystalline  substance  that  is  sparingly  soluble  in  ordinary  organic' 
solvents  at  room  temperature,  soluble  when  heated  in  methanol  and  ethyl  alcoholj, 
and  insoluble  in  chloroform^ petroleum  ether,  and  carbon  tetrachloride. 

3.351  mg  substances  0.264  ml  Ns  (22®,  731  mm).  5.099  mg  substance  % 

0.396  ml  Ns  (19®,  730  mm).  Found  <^%  N  8.77,  8.72.  Ci^HsaOsNs-nClo  Calculated 
N  8.69. 

Isobutylaminoethyl  ester  of  3-nltro-l-naphtholc  acid  i hydrochloride j . 

1.6  grams  of  5-nitronaphthoyl  chloride  was  dissolved  in  chloroform,  and  3  ml 
of  chloroform  containing  1  g  of  isobutylamlnoethanol  and^ saturated  with 
hydrogen  chloride  was  added  to  the  solution.  The  reaction  mixture  was  refluxed 
on  a  water  bath  at  55-6o®  in  a  flask  fitted  with  a  reflux  condenser  and  a 
calcium  chloride  tube.  An  abundant  colorless  precipitate  settled  out  of  the 
solution  after  10-12  hours  of  heating.  After  heating  nad  continued  for  24 
hours,  the  solvent  was  driven  off  in  vacuo,  and  the  residue  was  washed  with 
absolute  ether,  A  first  crystallization  from  absolute  ethyl  alcohol  yielded 
0.9  g  of  a  substance  with  a  m.p.  of  220-221®. 

The  hydrochloride  of  the  isobutylaminoethyl  ester  of  5-nitronaphthoic 
acid  is  sparingly  soluble  in  organic  solvents.  (It  is  insoluble  in  acetone, 
chloroform  or  carbon  tetrachloride 5  its  solubility  in  methanol  is  low,  „ 

5.429  mg  substances  0.382  ml  N2  (20.5®,  737  mm).  Found  N  7.9^. 

Ci7H2o04N2“HCi.  Calculated  ^s  7*94. 

Monoalky lamlnoethyl  Esters  of  3- ;  Naphthyl- -acrylic  Acld^' 

Butylamlnoethyl  ester  of  3- . naphthyl-l , -acrylic  acid  hydrochl  cride . . 

4.5  grams  of  P-(naphthyl-l)-acrylyl  chloride  was  refluxed  with  2.*-  g  of 
butylamlnoethanol,  dissolved  in  chloroform  saturated  with  hydrogen  ctuoride, 
for  24  hours  at  55-60® .  Driving  off  the -chloroform  left  behind  a  thick 
brown  oil,  which  yielded  5.5  g  of  a  colorless  powder  when  it  was  washed 
with  absolute  ether.  The  initial  crystallization  from  acetone  yiei.ded  5  g 
of  a  substance  with  a  m.p.  of  138-140®.  Repeated  recrystallizations  from 
acetone  and  from  absolute  benzene  yielded  a  substance  with  a  m.p.  of 
139.5-140.5®. 

The  butylamlnoethyl  ester  of  3- ( naphthyl-1 } -acrylic  acid  is  freely  soluble 
in  methanol,  ethyl  alcohol,  and  chloroform,  and  when  heated  in  absolute  ethyl 
alcohol,  benzene,  and  acetone. 

The  5-nitro-l-n£l)hthoic  acid  was  produced  by  nitrating  a-naphtholc  acid  with 
nitric  acid  (sp.  gr.  1.4)  [6], 

^)  The  3- (naphthyl-l) -acrylic  acid  was  prepared  by  condensing  a-naphthaldehyde 
with  ethyl  acetate  in  the  presence  of  sodium,  followed  by  saponifying  its 
ethyl  ester  [7]. 
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7.1^5  rog  substances  O.265  ml  N2  (l8.5“,  7^8  mm).  Found  N  4.28. 
CigHsaOsN-HCl.  Calculated  ^s  N  4.20. 

Isobutylamlnoethyl  ester  of  3- ( naphthyl-1 ) -acrylic  acid  (hydrochloride) . 
0.7  g  of  P- ( naphthyl- 1 ) -acrylyl  chloride  was  heated  to  60®  for  24  hours  with 
0.4  g  of  isobutylaminoethanol  dissolved  in  chloroform  that  was  saturated  with 
hydrogen  chloride,  yielding  1.1  g  of  a  substance  with  a  m.p.  of  I7O-I79® 
after  the  solvent  had  been  driven  off  in  vacuo  and  the  residue  had  been  washed 
with  absolute  ether.  Double  recrystallization  from  ethanol  yielded  a 
substance  with  a  m.p.  of  I82-I83® . 

6.518  mg  substance:  0.254  ml  N2  (18.5®,  724  mm).  8.090  mg  substances 
0.312  ml  N2  (19.5®,  T4i.5  mm).  Found  N  4.35,  4.38.  Ci9H2302N«HCl. 

Calculated  ^s  N  4.20. 

SUMMARY 

The  monoalkylaminoethyl  esters  of  4(5)-nltro- aad  4(5)-amino-l-naphthoic 
acids  and  of  3- (naphthyl-l) -acrylic  acid  have  been  synthesized. 


[1]  S. 
Zentr.,  1956, 

[21  J. 
[51  A. 


LITERATURE  CITED 

I.  Sergievskaya  and  V.  V.  Nesvadba,  Cert,  of  Authorship  45289;  Chems 
1,  4466;  J.  Gen.  Chem.  8,  924  (1958). 

Pierce,  J.  Salsbury,  Frederichsen,  J.  Am.Chem.Soc , ,  64,  169I  (1942). 
Cope,  E.  Hancock,  J.  Am.  Chem,  Soc.,  64,  1503,(1942). 


[4]  A.  Cope,  E.  Hancock,  J.  Am.  Chem.  Spc.,  66,  1449,  (1944). 

[5]  S.  I.  Sergievskaya  and  K.  P.  Preobrazhenskaya,  J.  Gen.  Chem.  10, 

950  (1940);  S.  I.  Sergievskaya  and  S.  M.  Mamiofe,  J.  Gen.  Chem.  I8,  878  (1948). 

[6]  Exstrand,  J.  prak.  Chem.  38,  155* 

[7]  S.  I.  Sergievskaya  and  K.  V,  Levshlna,  J.  Gen.  Chem.,  20,  l478  (1950)..^) 

The  Ordzhonikidze  All-Union  Research 

Received  March  13,  1950  Institute  of  Pharmaceutical  Chemistry 


See  Consultants  Bureau  English  translation,  p,  1539 « 


RESEARCH  ON  HYDROXYDIHYDROFURANS 

I.  OXIDATION  AND  REDUCTION  OF  2>-DIPHENYL-5,5-DIMETHYL-2-HYDR0XYDIHYDR0FURAN-2,5 

E,  Do  Venus -Danilova  and  A.  N.  Orlova 


The  first  representative  of  the  hydroxydihydrofuran8—2,<*'-diphenyl-5,5- 
dimethyl-2-hydroxydihydrofuran-2,5  (l)--was  first  synthesized  by  A.  E. 
Favorsky  and  E.  D.  Venus  [1]  in  1915  W  reacting  30^  sulfuric  acid  (by  weight) 
upon  an  acetylenic  pinacols  dimethyl  phenyl  phenylacetenyl  ethylene  glycol 
(l,3-hiphenyl-4-methylpentyne-l-diol-3^^)  (H) • 

It  was  later  discovered  that  other  ditertiary  alpha  glycols  with  substi¬ 
tuted  acetylenic  radicals  (replaced  by  phenyl  or  tert-butyl)  may  also  be 
isomerlzed,  with  varying  ease.  Into  substituted  hydroxydihydrofurans  [2,3,4] „ 

The  structure  of  the  first  hydroxydihydrofurEui  was  not  demonstrated 
experimentally^  It  was  assigned  the  structure  of  an  alcothol  ether—2,4- 
dlphenyl-5,5-<ilniethyl-4-hydroxydihydrofuran-4,5  (III)— and  it  was  conjectured 
that  this  substance  is  formed  in  the  partial  hydration  of  the  triple  bond  in 
the  initial  plnacol  and  the  closure  of  the  dlhydrofuran  ring,  a  molecule  of 
water  being  liberated  at  the  expense  of  the  two  hydroxyl  groups  in  the  gamma 
position'* 


A  more  thorough  study  of  the  nature  of  hydroxydlhydrofuran  indicated  [5] 
that  it  interacts  with  reagents  at  its  carbonyl  group,  but  only  when  a  few 
drops  of  strong  acetic  acid  are  .presents  Moreover,  it  yielded  crystalline 
ethers  of  the  ketal  type  with  methanol  and  ethyl  alcohol,  and  the  reaction 
products  of  hydroxydlhydrofuran  with  bromine  have  been  investigated  [5]. 


These  findings  have  led  us  to  advance  another  schema  for  the  transforma¬ 
tion  of  dimethyl  phenyl  phenylacetenyl  ethylene  glycol,  involving  an  acetylenic- 
allenic  rearrangement  of  the  glycol,  resulting  in  an  ethylenic  gamma  ketol  (T/), 
which  is  cycllzed  to  the  hydroxydihydrofuran-2,5  (I),  Instead  of  the  hydration 
of  the  pinacol's  triple  bond  previously  ;^oposed  [1], 

Subsequently,  this  isomerization  mechanism  was  corroborated  by  the  isolation 
of  the  respective  ethylenic  gamma  ketols  when  certain  acetylenic  pinacols  were 
isomerized  [2,4,6]  and  by  research  on  the  bromination  products  of  2,4-diphenyl- 
5,5-dimethyl-2-hydroxydihydrofuran-2,5  [5] • 

Basic  properties,  i.e. ,  the  ability  to  form  salts  with  acids,  are  exhibited 
in  greater  or  lesser  degree  by  all  the  hydroxydihydrofurans  synthesized  up  to  the 
present  time  [1-4],  The  first  hydroxydlhydrofuran  (l)  exhibits  the  most  pro¬ 
nounced  ability  to  form  oxonium  compounds  [1].  A  number  of  stable  salts 
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of  this  substance  with  mineral  and  organic  acids  have  b,een  synthesized  and 
analyzed,  as  well  as  stable  complex  salts  with  platinic,  auric,  and  stannic 
chloride  and  with  stannic  bromide. 

We  oxidized  and  reduced  2,4-diphenyl-5,5-dimethyl-2-hydroxydihydrofuran- 
2,5,  as  the  most  typical  example  of  this  class  of  compounds,  in  order  to  mak^ 
a  more  thorough  study  of  the  properties  of  hydroxydihydrofurans  and  to  resolve 
the  problem  of  the  variation  of  their  basic  properties  with  the  nature  and 
mutual  position  of  the  substituents  in  the  hydroxydihydrofuran  ring  and  with 
the  structure  of  the  five-membered  ring. 


Oxidation  with  an  aqueous  solution  of  potassium  permanganate  yielded 
acetone,  benzoic  acid,  benzoylformic  acid,  and  traces  of  formic  acid. 


The  substances  recovered  do  not  contradict  the  proposed  structure  of 
the  hydroxydihydrofuran  [5]  (l)>  though  oxidation  of  the  alcohol  ether  (III) 
(the  structure  originally  advanced  for  hydroxydihydrofuran  [1])  ought  to 
yield  analogous  products.  For  that  reason,  oxidation  cannot  be  employed  to 
demonstrate  the  structure  of  the  substance  produced  by  Isomerizlng  dimethyl 
phenyl  phenylacetenyl  ethylene  glycol ? 


CeHs— Cj^CH 

I  /CeHg 

(I) 


CeHgCOOH 
CeHsCOCOOH  ^ 
HCOOH 
CH3COCH8 


(III) 


It  should  be  noted  that  oxidation  of  2,4«.diphenyl-5,5-diniethyl«2-hydroxy- 
dihydrofuran-2,5  with  potassium  permanganate  is  Incomplete,  although  the 
reaction  involved  heating  to  55 •  This  is  evidence  of  the  relative 
stability  of  the  hydroxydihydrofuran  ring  with  a  double  bond  at  the  3-^  position. 


Similar  instances  of  the  inertness  of  the  double  bond  in  the  3-^  position 
of  a  five-membered  ring  containing  oxygen  are  mentioned  in  the  literature,  viz. . 
2,2-dlmethyl-5,5“diphenyl-3-ethoxydlhydrofuran-2,5  [7] ,  2,2-dlmethyl-5,5-diphenyl- 
5-phenoxydlhydrofuran-2,5  [8],  the  cyclic  products  resulting  from  the  bromination 
and  chlorination  of  2,7-dimethyloctadiyne-3,5-diol-2,5  [9],  and  other  substances. 


The  hydroxydihydrofuran  was  reduced  with  platinum  black  and  with  colloidal 
palladium  until  two  and  four  atoms  of  hydrogen  had  been  absorbed  per  molecule  of 
the  hydroxydihydrofuran. 

When  platinum  black  was  used,  we  noticed  that  the  rate  of  hydrogenation 
dropi)ed  sharply  after  two  hydrogen  atoms  had  been  added.  Reduction  was  much 
slower  when  palladium  was  employed,  though  there  was  no  perceptible  change  in 
the  rate  of  hydrogenation. 


Two  products  were  secured  when  reduction  was  effected  with  two  and  four 
atoms  of  hydrogen.  At  first  there  settled  out  a  crystalline  substance  with  a 
m.p.  of  135-137“ ;  to  which  the  structure  of  2,4-diphenyl-5,5-dlniethyldihydrofuran- 
2,5  (V)  should  be  assigned  on  the  basis  of  its  analysis.  As  reduction  continued, 
the  crystals  vanished,  yielding  a  liquid  with  a  b.p.  of  I58-I60®  at  4  mm, 
representing  2,4-dlphenyl-5,5-dlmethyltetrahydrbfuran  (VI). 
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Thus  when  2,4-dlphenyl-5,5-dlniethyl-2-hydroxydlhydrofuran  is  reduced 
catalytically,  first  the  hydroxyl  group  is  reduced,  and  then  the  double  bond 
is  hydrogenated. 

The  production  of  a  substituted  dihydrofuran  as  the  initial  hydrogenation 
product  is  another  indication  of  the  relative  strength  of  the  double  bond  at 
the  5-^  position  in  an  oxygen- containing  flve-membered  ring.  Similar  stability 
of  the  double  bond  at  the  5-^  position  is  also  found  in  the  clB  and  trana  forms 
of  2,5-dihydrofuran-2,5-dlcarboxyllc  acids  (VII),  which  are  not  reduced  by 
sodium  amalgam,  in  contrast  to  the  isomeric  2,3-dihydrofuran-2,5-dicarboxyllc 
acid  (VIII)  [10],  as  well  as  in  the  properties  of  the  bromination  products  of 
2,4-diphenyl-5^5^dimethyl-2-hydroxydihydrofuran-2,5  [5] . 


HCX3C — 


(VII) 


H— COOH 


HOOC-CH  C-COOH 

\/ 

0 

(VIII) 


R2 — C=CH 

R4  a  ^OH 


Neither  o^  the  reduction  products  of  the  hydroxydihydrofuran  is  able  to 
form  oxonium  compounds s  the  dihydrofuran  does  not  dissolve  in  strong  sulfuric 
acid,  while  the  tetrahydrofuran  produces  a  deep  blue  coloring  with  red  fluo¬ 
rescence  when  treated  with  concentrated  sulfuric  acid,  but  the  coloring 
vanishes  when  the  mixture  is  diluted  wit^ water,  no  color  being  produced  with 

strong  hydrochloric  acid.  ■ 

« 

Our  tests  lead  us  to  conclude  that  the  pronounced  ability  of  2, diphenyl- 
5, 5-dimethyl-2-hydroxydlhydr  of  uran-2, 5  to  form  oxonium  compounds  is  governed  by 
the  presence  of  the  double  bond  in  the  .3-^  position  of  the  molecule  and  of  the 
hydroxyl  group  at  the  2  position,  as  well  as  by  the  fur  an  ring  structure. 

We  know  from  the  literature  that  neither  2,2,5,5-tetramethyldlhydrofuran- 
2,5  [11]  nor  2,2,5,5-tetraphenyldlhydrofuran-2,5‘y  [12]  yields  oxonium  compounds, 
nor  do  the  tetrahydrofurans  [13].  Nor  does  the  introduction -of  a  hydroxyl 
group  into  the  tetrahydrofuran  ring  produce  basic  properties,  since  the 
substitution  derivatives  of  2-hydroxytetrahydrofuran,  which  are  cyclic  forms 
of  gamma  hydroxy  aldehydes  and  hydroxy  ketones,  are  unstable,  being  converted 
into  open-chain  forms  by  acids  [l4]. 

It  should  be  noted  that  the  hydroxydihydrofurans  we  have  synthesized  up 
to  now  [1,3]  yield  salts  with  two  molecules  of  acid,  of  theM"2HCl  type,  and 
that  when  stable  complex  salts  are  formed  with  platinic  chloride  and  auric 
chloride,  only  one  molecule  of  the  acid  enters  into  the  coordination  compounds 
(HH)2PtCl6  and  (MH)AuCl4[l-V] .  This  is  evidence  that  the  oxldic  and  hydroxyl 
atoms*  of  oxygen  in  the  hydroxydihydrofuran  ring  are  not  equivalent. 

In  addition  to  the  ring  structure  containing  oxidic  oxygen,  a. hydroxyl 
group  at  the  2  position,  and  a  double  bond  between  the  3  and  ^  carbon  atoms  in 
the  ring,  the  nature  and  the  mutual  arrangement  of  the  substituents  in  the 
hetero  ring  also  affect  the  ability  of  hydroxydihydrofurans  to  form  oxonium 
compounds.  This  is  strikingly  evident  when  we  compare  the  properties  of 
2,l4-,5-triphenyl-5-methyl-[4] ,  2-te^-butyl-4-phenyl-5, 5 -dimethyl- [2] ,  2-phenyl- 
4-£-tolyl-5 , 5 -dimethyl- [ 3 ] ,  and  2 , 4-dlphenyl-5 , 5-dimethyl-2-hydr oxydlhydr of urana. 
2,5  [1].  This  arrangement  is  most  favorable  in  the  last  nsuned  compound  for  the 
pronounced  appearance  of  basic  properties  (IX,  Ri  and  R2  =  aryl,  Rs  and  R4  = 
alkyl)  and,  hence,  for  its  ability  to  form  oxonium  salts. 

EXPERIMENTAL 

I.  Oxidation  of  2  .If-Dinhenvl-^  .5-diraethyl-2-hYdroxydihydrofuran-2, 


This  substance  was  placed  at  our  disposal  by  S,  A.  Zonis,  to  whom  we  are 
deeply  Indebted. 


Oxidation  was  effected  with  potassium  permanganate,  using  8  moles  of 
potassium  permanganate  per  5  moles  of  the  hydroxydihydrofuran.  ,^ams 

of  the  oxidant  was  employed  (5.1?  g  being  called  for  theoretically^  Por  2  g 
of  the  substance.  100  ml  of  a  2^  solution  of  potassium  permanr:'inat,a  wup 
preheated  to  35-^0“  and  then  gradually  added,  with  vigorous  stirring,  to  the 
finely  powdered  hydroxydihydrofioran  with  a  m.p.  of  101- 102° ,  The  remaining 
1.2  grams  of  the  oxidant  was  added  in  three  batches  as  the  solution  was 
decolorized.  Oxidation  was  smooth  under  these  conditions,  being  complete 
within  1.5  hours. 

When  oxidation  was  finished,  the  manganese  dioxide  was  filtered  out  and 
washed  with  a  small  amount  of  hot  water  and  then  with  ether.  Driving  off  the 
ether  yielded  about  1  g  of  the  initial  hydroxydihydrofuran  with  a  m,p„  of 
100-101°,  whose  mixed  melting  point  with  2,4-dlphenyl-5,5~<3,imethy'!..2--bydroxy- 
dihydrofuran-2,5  exhibited  no  depression. 

The  steam- volatile  neutral  oxidation  products  were  driven  off  from  the 
filtrate  into  a  solution  of  p-nitrophenylhydrazine.  The  yellow  precipitate 
fused  at  l48°j  it  was  the  p-nitrophenylhydrazone  of  acetone  and  exhibited 
no  depression  of  the  melting  point  when  mixed  with  the  known  preparation.  No 
neutral  oxidation  products  that  were  not  volatile  with  steam  were  ^eund. 

The  solution  of  salts  of  organic  acids  was  concentrated  on  a  vater  bath 
and  then  decomposed  with  dilute  sulfuric  acid  in  order  to  recover  the  acid 
products  of  oxidation.  The  m.p.  of  the  precipitated  light  white  substance, 
119-120°,  was  that  of  benzoic  acidj  its  mixed  melting  point  with  known  benzoic 
acid  exhibited  no  depression. 

After  the  benzoic  acid  had  been  precipitated,  the  steam-volatile  acids 
were  driven  off  from  the  filtrate.  All  we  found  were  slight  traces  of  formic 
acid,  as  indicated  by  reactions  with  mercuric  chloride  and  ammpniacal  silver 
nitrate . 

The  acids  that  were  not  steam-volatile  were  extracted  with  ether;  driving 
off  the  latter  yielded  benzoylformic  acid  with  a  m.p.  of  64°  [rb]?  which  threw 
down  a  flocculent  precipitate  with  a  m.p.  of  155“  [15]  when  treated  with  an 
aqueous  solution  of  phenylhydrazine  hydrochloride. 

The  oxidation  products — acetone,  benzoic  acid,  benzoyl:°orTr *  .  acid,  and 
traces  of  formic  acid--thus  confirm  the  proposed  structure  of  "  '  byviroxydi- 
hydrofuran  as  that  of  2,4-dlphenyl-5,5-dimethyl-2-hydroxydihyd.rn^'uran-2,5  [51* 

II.  Reduction  of  2 .4-Dipbenyl-5 .5-dlmethyl-2-hydroxydih.Ydrof aran^'2 ,5 

l)  Hydrogenation  with  platinum  until  two  atoms  of  hydroger  i^d  teen  absorbed. 
We  used  1  g  of  the  hydroxydihydrofuran  with  a  m.p.  of  101-102°.  8o  ml  of  ethyl 
alcohol,  and  0,4  g  of  platinum  black  prepared  by  Loew's  method  hf. 

Hydrogenation  was  stopped  after  the  92  ml  of  hydrogen  (2 9";!  -0  ipj.)  called 

for  theoretically  had  been  absorbed.  During  the  course  of  redu^  r-lon,  crystals 
had  formed;  they  were  filtered  out  after  reduction  was  over  a  d  vsd  a  m.p.  of 
135-137“ •  Driving  off  the  alcohol  yielded  a  light-greenish-yellov  llcuid, 
which  boiled  at  158-160°  at  the  reduced  pressure  of  4  mm,  the  resD’ue  consisting 
of  a  substantial  quantity  of  tar. 

The  hydrogenation  test  was  performed  three  times.  3  grams  of  tte  li^droxy- 
dihydrofuran  yielded  0.4  g  of  crystals  and  1.6  g  of  liquid. 

Analysis  of  the  substance  with  a  m.p.  of  135-137°.  The  substance  was 
speuringly  soluble  in  alcohol,  but  rather  freely  soluble  in  ether  and  benzene. 

Its  mixed  melting  point  with  the  initial  hydroxydihydrofuran  exhibited 
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depressionj  it  contained  no  hydroxyl  group,  did  not  decolorize  an  aqueous 
solution  of  potassium  permanganate  or  a  chloroform  solution  of  bromine 
either  in  the  cold  or  when  heated  gently,  did  not  indicate  the  presence 
of  a  carbonyl  group,  did  not  dissolve  in  concentrated  sulfuric  or  hydro¬ 
chloric  acid,  and  did  not  exhibit  any  fluorescence. 

0.1318  g  substance:  0.4l80  g  COgj  O.O838  g  H20.  Found  <^1  G  86.495 
H  7.11.  CisHisO.  Calculated  C  86.4O5  H  7.20.  0.1398  g  substance 5  11.82 
g  CeHe: At  0.21“.  Found  M  282.  CisHisO.  Calculated  M  250. 

The  analysis  findings  and  the  properties  of  the  substance  with  a  m.p. 
of  135-137®  Indicate  that  it  is  2,4-dlphenyl-5,5-dlmethyldihydrofuran-2,5„ 

Analysis  of  the  substance  with  a  boiling  -point  of  158-l60“  at  4  mm.  The 
substance  yielded  neither  a  semicarbazone  nor  an  oxime,  decolorized  an  aqueous 
solution  of  potassium  permanganate,  dissolved  in  concentrated  sulfuric  acid, 
producing  a  blue-red  fluorescence  that  vanished  upon  dilution  with  water,  and 
dissolved  sparingly  in  strong  hydrochloric  acid,  exhibiting  no  perceptible 
fluorescence. 


0.1215  g  substance:  0.3798  g  CO25  O.O872  g  HgO.  0,0943  g  substances 
0.2972  g  CO25  0.0694  g  H2O.  Found  85.21,  85.955  H  7.97,  8.17.  C18H20O. 
Calculated  C  85.7I5  H  7.93.  0.1742  g  substance)  11.29  g  CeHe: At  0.30®. 

Found  M  253,  C18H20O.  Calculated  M  252. 

The  substance  with  a  b.p.  of  158-I60®  at  4  mm  must  be  2,4-diphenyl-5,5- 
dlme t hylte tr ahydr of ur an . 

2)  Hydrogenation  with  platinum  until  four  hydrogen  atoms  had  been  added. 
The  quantities  of  the  substance,  the  alcohol,  and  the  catalyst  used  were  the 
same  as  in  the  preceding  test,  but  hydrogenation  was  stopped  after  four  atoms 
of  hydrogen  had  been  added  (the  theory  called  for  l82  ml  at  17"  and  786  mm). 

We  noted  that  the  rate  of  hydrogenation  dropped  sharply  after  two  atoms 
of  hydrogen  had  been  added  (the  rate  dropping  to  about  one-tenth  of  its  former 
value).  Here,  again,  crystals  with  a  m.p.  of  135-137"  settled  out  at  first, 
their  quantity  diminishing  as  reduction  continued,  the  bulk  of  the  end  product 
consisting  of  a  liquid  with  a  b.p.  of  I58-160*  at  4  mm. 

Both  the  crystals  and  the  liquid  were  Identical  with  the  hydrogenation 
products  secured  in  the  first  test.  This  was  evidenced  by  the  properties  of 
the  substances  as  well  as  by  their  elementary  analysis. 

We  ran  five  hydrogenation  tests  in  all,  5  g  of  the  hydroxydlhydrofuran 
yielding  0.3  g  of  crystals  and  3  g  of  the  liquid  product. 

3)  Hydrogenation  with  colloidal  palladium.  1.5  grams  of  colloidal 
palladium  [I7]  was  added  to  a  solution  of  0.3  g  of  the  hydroxydlhydrofuran 
in  60  ml  of  ethyl  alcohol.  It  was  found  that  here,  again,  a  crystalline 
substance  with  a  m.p.  of  135-137"  settled  out  after  27.2  ml  of  hydrogen 
(16®,  755  nim)  had  been  added,  equivalent  to  two  atoms  of  hydrogen  per  mole 
of  the  hydroxydlhydrofuran.  After  the  crystals  had  been  filtered  out,  1  ml 
of  colloidal  palladium  was  added  to  the  solution,  and  reduction  was  continued 
until  another  two  atoms  of  hydrogen  had  been  absorbed  pier  mole  of  the 
hydroxydihydrofuran.  This  yielded  a  liquid,  which  could  only  be  analyzed 
qualitatively,  owing  to  the  minute  quantity  recovered.  Its  properties  were 
those  of  the  liquid  recovered  when  the  hydroxydihydrofuran  was  reduced  with 
platinum  black. 


SUMMARY 


When  2,it-diphenyl-5,5-dimethyl-2-hydroxydihydrofuran-2,5  is  reduced 
with  platinum  hlack  or  with  colloidal  palladium,  first  the  hydroxyl  group  is 
■^educed  and  then  the  double  bond. 

.  Two  reduction  products  were  isolated:  a  crystalline  substance  with  a 
m.p.  of  155-157",  representing  2,i4-diphenyl-5,5-dimethyldihydrofuran-2,5,  and  a 
liquia  substance  with  a  b.p,  of  158-I6O"  at  4  mm,  which  must  be  assigned  the 
strucLore  of  2,4-diphenyl-5,5-dimethyltetrahydrofuran. 

5.  The  structure  of  2, 4-diphenyl-5, 5-dimethyl -2-hydroxydihydr of uran  is 
confirmed  by  its  oxidation  products:  acetone,  benzoic  acid,  benzoylformic 
acid,  and  traces  of  formic  acid. 
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THE  CATALYTIC  DEHYDRATION  OF  2,2,5,5-TETRAALKYL-  AND  2,5-DIALKYLFURANIDINES 

IN  AN  ATMOSPHERE  OF  HYDROGEN  SULFIDE 

Yu.  K.  Yurev  ,  G.  Ya.  Kondratyeva,  P.  A.  Akishin,  and  A.  A.  Derbeneva 

The  present  paper  discusses  the  behavior  of  2,2,5,5-tetramethyl-,  2,2,5,5- 
tetraethyl-.,  and  2,5-dlethylfuranidines  when  reacted  with  hydrogen  sulfide  at 
high  temperature  in  the  presence  of  alumina. 

It  has  been  found  that,  in  contrast  to  furanidlne  and  others  of  its 
homoiogs  [1],  the  tetraalkyifuranidines  are  not  transformed  into  the  respective 
thiophanes,  but  rather  into  diene  hydrocarbons  with  conjugated  double  bondss 

2.5- dlmethylhexadiene-2,4  (50^  of  the  theoretical  yield)  from  2,2,^y^--tetr&- 
methylfuranldlne  and  5^6-dlethyloctadiene-3,5  (27.5^  of  the  theoretical)  from 

2.2.5 . 5- 'tetr  aethyif  ur  anidlne . 

The  catalytic  dehydration  of  furanidlne  and  of  its  homoiogs  has  been 
described  in  the  literature  [2],  a  45^  yield  of  a  mixture  of  diene  hydro¬ 
carbons,  consisting  of  l6^  of  hexadlene-1,3^  45^  of  hexadiene-i,4,  and  35^ 
of  hexadlene-2,4,  having  been  secured  by  passing  2-ethyifuranidlne  in  a 
current  of  nitrogen  over  aiumln’om  phosphate  at  400® .  It  was  extremely 
difficult  to  dehydrate  2-methylfuranldlne  under  these  conditions,  only  25^ 
of  the  oxide  undergoing  conversion,  while  the  composition  of  the  resultant 
complex  mixture  of  hydrocarbons  was  not  established  [3]. 

The  fact  tnat  2,2,5,5-tetraaikyl  furanidlnes  cannot  be  converted  into 
the  respective  thiophanes  is  doubtless  due  to  the  ditertiary  mercaptohydroxy 
compounds  that  are  formed  as  intermediate  products  under  the  action  of 
hydrogen  sulfide  (which  vigorously  attacks  the  carbon-oxygen  bond  of  the 
oxide)  splitting  off  water  as  well  as  hydrogen  sulfide  readily,  resu.'.tiag 
in  the  formation  of  a  conjugated  diene  hydrocarbon? 


It  should  be  stressed  that  the  smooth  formation  of  conjugated  dienes  and 
the  preservation  of  these  dienes  unchanged  were  aided  in  the  present  instance 
by  our  navlng  dehydrated  the  2,2,5,5-tetraalkyifuranidines  catalytically  In  an 
atmosphere  of  hydrogen  sulfide.  When  2,2,5,5-tetramethyifuranidlne  was  dehy¬ 
drated  in  this  manner  at  350‘*’>  the  reaction  product  consisted  of  practically 
nothing  but  2,5-dimethylhexadlene-2,4  (dllsocrotyl) * 

When  no  hydrogen  sulfide  was  present--the  2,2,5,5-tetramethylfuranidine 
being  dehydrated  over  alumina  at  350®  in  a  current  of  nitrogen,  we  secured  a 
mixture  of  unsaturated  hydrocarbons,  which  could  not  be  sharply  separated  by 
distillation  into  a  column  with  an  efficiency  of  25  theoretical  plates,  the 
bulk  of  the  distillate  passing' over  below  the  boiling  point  of  dilsocrotyl,  but 
again  containing  as  much  as  25^  (by  weight  of  the  resulting  condensate)  of  high- 
boiling  polymeric  forms.  Investigation  of  the  Raman  spectra  of  the  fractions 
secured  from  the  catalyzate  demonstrated  that  the  tested  hydrocarbon  mixture 
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contained,  tesides  the  2,5-dlmethyihexadiene-2,4,  other  unsaturated  hydro- 
carbonsi  2,5-dimethylhexadiene-i,5  (diisobutyl) 5  c^-2,5-diraethylhexene-2j 
tran6^,5^imethylhjexene-2j  and,  possibly,  2,5-dimethylhexane. 

Tl'ie  2,5-dimethylhexene-2  was  evidently  produced  as  the  result  of  partial 
h;y'drogenatlon  of  the  2,5-diiiiethylhexadiene-2,4  (at  the  1,2  positions,  t.e. ,  in 
conformity  with  the  rule  established  by  R.  Ya.  Levina  and  V.  R.  Skvarchenko  [4] 
in  the  partial  hydrogenation  of  2,5-dimethylhexadlene«2,4  by  sodium-ammonium) 
by  the  hydrogen  evolved  in  the  decomposition  of  part  of  the  molecule;  the  2,5- 
dimethylhexane  was  formed  by  the  complete  hydrogenation  of  the  2, 5-dime thy Ihexa- 
diene-2,4; 


H3C 

H3C 


C=CH2 

/'  CHs  CHa 


CH3  Haj/  rcHs— C=CH— CH=0 — CRa] 

'^CHa— <j:— CR-CH— C— CHa 
CHa  i^Ha 


-h4H^ 


CHa“C=CH— CH^CH— CHa 
-  -  CHa  CHa 

^  CHa— Clh— CH^  CHa— CH— CHa 
CHa  CHa 

As  for  the  2,5-diethylfuranidlne,  it  was  converted  into  2,5-diethyl- 
thiophane  when  acted  upon  by  hydrogen  sulfide  at  550“  in  the  presence  of 
alumina,  though  the  yield  was  low  (12^  of  the  theoretical)  and  the  reaction 
entailed  the  formation  of  a  mixture  of  unsaturated  hydrocarbons.  Under 
these  same  conditions  the  2,5-dimethylfuranidine  was  converted  into  2,5- 
dlmethylthiophane,  the  yields  being  68^  at  400®  and  45^  at  550®. 


EXPERIMENTAL 

Synthesis  of  2.2.5.5-Tetraalkyl-  and  2,5-Dlalk.Ylfuranidlnes 

I’ne  2,2,5,5-tetraaikylfuranidlnes  were  synthesized  by  reacting  the  cor¬ 
responding  alkylmagnesium  halides  with  the  diethyl  ester  of  succinic  acid, 
followed  by  dehydration  of  the  resultant  dltertlary  glycol  by  the  Z.  A. 
Pogorzhelsky  method  [6],  involving  agitation  in  the  cold  with  twice  its  volume 
of  66^  sulfuric  acid. 

1)  2,2,5,5-Tetramethylfuranidine  had  the  following  constants  after 
distillation  into  a  column  with  an  efficiency  of  25  theoretical  plates; 

B.p.  112°  (756  mm);  n?°  1.4050;  d|°  0.8015;  MRp  58.52; 

Calculated  58.59*  • 

Figures  in  the  literature  for  2,2,5,5-tetramethylfuranidines  b.p.  115“ 

(786  mm);  d|o  O.8115  [5];  b.p.  116-117“  [6];  b.p.  117*5“  [7]* 

2)  2,2,5 .5-Tetraethylfuranidiner 

B.p.  75-76“  (7  nim);  n?°  1.4440;  df®  0.8612.  56.76;  Calculated  57.06. 

Figures  in  the  literature  for  2,2,5,5-tetraeti^lfuranidines  Yu.  S.  Zalkind 
[6];  b.p.  89-90*  (8  mm),  204-206°,  95-96  (l4  mm)  [9]. 
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3)  2 .^-Dlethylf uranldlne  was  prepared  by  reacting  an  lotslch  coordination 
compound  [10]  with  propionaldehyde,  followed  by  hydrogenating  the  resultant 
octyne-.i»--diol-3,6  to  octanedlol-5>6  and  dehydrating  the  latter  by  the 
Pogorzhelsky  method. 

0ctyne.4-diol-3 .6o  43.5  grams  of  propionaldehyde  in  an  equal  volume 

of  ether  was  chilled  and  then  added  to  an  lotslch  coordination  compound, 
prepared  from  l8  g  of  magnesium,  90  g  of  ethyl  bromide,  and  200  ml  of  ether. 

Then  the  reaction  mixture  was  heated  for  an  hour  and  a  half  on  a  water  bath, 
and  the  next  day  it  was  decomposed  by  water  and  50^  acetic  acid.  The  combined 
ether  extracts  were  dried  and  the  ether  driven  off,  after  which  the  octyneJ4— 
diol-3;6  was  distilled  in  a  current  of  nitrogens^) 

B.p.  119*  nim)5  nf°  1.4703 >  d|°  0.9786.  VSU  4o.56j  Calculated  40.195 
S:Mjj-K).37. 

The  exaltation  of  the  mojecular  refraction  corresponds  to  the  exaltation 
values  found  by  V.  N.  Krestinsky  and  N.  Persiantseva  [1_]  for  acetylenic 
glycols s  ca,  -i'0.4  to  +0.5. 

8.540  mg  substances  21.1^0  mg  COgj  7=620  mg  HaO..  4.580  mg  substances 
11.340  mg  CO25  4.085  mg  3aC.  Found  C  67=51>  67=55»  H  9=99,  9=98 
Calculated  C  67.575  E  9»93a 

Octane ^diol»3 1 6  was  prepared  by  hydrogenating  octyne-<*.-dlol-3^6  .(using  10  g 
of  the  dlol  In  50  ml  of  absolute  alcohol  and  0.45  S  of  platinum  black).  Hydro¬ 
genation  was  stopped  after  90^  of  the  calculated  amount  of  hydrogen  had  been 
absorbed.  Distillation  yielded  the  octanedlol-3^6  as  a  faintly  yellowish, 
viscous  liquid  with  the  fol..lowing  constants  s 

B.p,  102.5-104“  (1  mm) 5  nf®  1. 45325  dS°  0.9331.  MIL  41.79}  Calc.  42.35 

lMjj~0.6.  ^  ^ 

The  depression  of  the  molecular  exaltation  of  octanediai-3^6  eigreed  with 
the  values  of  this  depression  (ca,  -0.7  to  -0.9)  found  by  V.  N.  Krestinsky  and 
N,  Periantseva  for  saturated  glycols  [11], 

5.005  mg  substances  12.050  mg  COp}  5 *610  mg  HgO,  5«830  mg  substances 
14.050  mg  CO25  6.500  mg  HpO.  Found  C  65.66,  65.73)  fl  12.54,  12.45.  CsflufiOa. 
Calculated  ^s  C  65.7I3  H  I2.4l. 

Octanedlol-3 ^ 6  has  been  described  for  the  first  time.  The  yield  totaled 
7.1  g  (70'j(»  of  the  theoretical). 

2 . 5 - Diethyl fur anldine  was  prepared  by  the  Z.  A,  Pogorzhelsky  method  [5], 

9.5  g  of  octanedlol-5>6  yielding  5  g  of  the  oxide  (59^  of  tlie  theoretical  yield), 

B.p.  142-143''  (760  mm) 5  n?°  1.42l5j  df®  0.8419=  MR.  38.595  "a-o.  38.47. 

6.240  mg  substances  17ol50  mg  COp)  7=010  mg  flpO.  4.350  mg  substances 
11.490  mg  CO25  4,860  mg  flpC.  Found  'J&s  C-  74.96,  74.86)  H  12.57,  12.50.  CaH^O. 
Calculated  C  74.94)  fl  12.55. 

2.5- Dlethylfuranidine  has  been  described  for  the  first  time. 

Catalytic  Dehydration  of  2 ,2,5 .5-Tetra^j.kylfuranidiae8  in  Hydrogen  Solfide 

1)  2,2,5,5-Tetramethylfuranidine  was  passed  over  alumina  in  a  current  of 
hydrogen  sulfide  at  a  rate  of  8-10  drops  per  minute  at  25O,  320,  and  400®.  The 
catalyzate  was  saturated  with  alkali,  washed  with  water,  and  extracted  with 
ether.  The  ether  extracts  were  dried  with  potassium  hydroxide,  the  ether  was 
driven  off,  and  the  residue  was  distilled  into  a  column  with  an  efficiency  of 
25  theoretical  plates. 

Oc tyne-4- dlol-3 f 6  has  been  described  for  the  first  time.  The  yield  totaled 

26.5  g  (50^  of  the  theoretical). 
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Distillation  of  the  catalyzate  secured  from  l8  g  of  2,2,5,5-tetra- 
methylf  ,ranidine  yielded  the  following  fractlonss  I  up  to  115*— 0„9  85  H  113- 
135a5*'-^a  few  dropsj  111  |135o5-15^«5*  (762  4  g5  and  IV  13^. 5-1^8* ^0*7  g« 

Ihe  f''*’  '•’  lorjs  contained  do  sulfur  compounds  o 

action  III,  with  a  b.pc  of  133o5-13^»5*>  decolorized  bromine  water  and 
a  permBASsanate  so*.ution,  crystallized  upon  cooling,  and  ponstltuted  2,5- 
dimeth;. l.texadlene-2,4  ^dllsocrotyl) ,  the  yield  being  26^  of  the  theoretical). 

n^;^  io47535  0o7697.  MR^  40.365  Calc,  38.2I5  +2.16. 

320* .  Distillation  * of  the  catalyzate  secured  from  15  g  of  2,2,5,5-tetra- 
methylfuranldine  yielded  the  following  fractlonss  I  up  to  113*— 0.6  85  II  113- 
133o5*— a  few  dropsj  III !  133. 5 -134* —0.3  85  IV  134-134.4*  (760  mm)— 4.3  85 
and  V  I3if. 4-145*'— 0.6  g,  The  fractions  contained  no  sulfur  compounds. 

Fraction  17  was  2,5»dimethylhexadiene-2,4,  the  yield  being  30^  of  the 
theoretical. 

B.p.  134-134.4*  (760  mm) 5  n?°  1,47723  d|°  O.7665.  MR^  40.635  Calc.  38.2I5 

ZK^42.42. 

3o970  mg  substances  12.670  mg  CO25  ^■>515  nig  HsO.  5*179  nig  substances  16.520 
mg  COaj  5*967  mg  dsO.  Found  C  87.09,  87.O53  H  12.72>  12.89.  C8H14. 

Calculated  87.195  H  12. 81. 

Figures  in  the  literature  for  2,5-dimethylfuranidlne-.2,4s  A.  E.  Favorsky 
[12]s  b.p.  134-135®  (768,8  mm) I  Z.  A.  Pogorzhelsky  [5]s  b.p.  132-134*>  S.  V. 
Lebedev  [13 ]s  b.p.  75*  (100  mm;  3  Prevost  [l4]s  b.p.  134.6*  (750  mm)  5  n^'® 
1.47965  df^  0.7646.  R,  la.  Ijevlna  and  assoc,  [15]8  b.p,  134-134.5®,  (747  mm)3 
x.^'"605  d|°  0,7636. 

400® .  Distillation  of  the  catalyzate  secured  from  12  g  of  2,2,5,5-tetra- 
methylf .jranldine  yielded  the  following  fractions?  I  102-116*— 2.8  gj  II6-I3O*— 
0,8  g5  III  130-133,8*— 0.2  gj  IV  133,8-134.5®— 2.6  gj  and  V  134.5-150*— 1.35  8* 
The  fractions  contained  no  sulfur  compounds. 

Fraction  IV  was  2,5-dlmethyxhexadiene-2,4,  the  yield  being  25^  of  the 
theoret leal, 

B.p,  133-8-134.5®  (760  mm) 5  n?°  1. 47695  d|°  O.7698.  MR^  40.6I3  Calc.  38.21) 

2^  2,2, 5« 5-Tetr stetriylf uranldljae  was  passed  over  alumina  In  a  current  of 
hydrogen  sulfide  at  275  and  325®. 

32-'*'.  The  catalyzate  (10.4  g)  secured  from  20  g  of  the  oxide  was  distilled 
Into  a  t:Dlomn  with  an  efficiency  of  25  theoretical  plates,  yielding  4.2  g  of  a 
hydrocarnon  with  a  b.p.  of  197-199*  (750  mm))  1.4615  .and  d4°  0,80^. 

27c  ° .  Distillation  of  the  catalyzate  (11.3  g)  secured  from  20  g  of  the' 
oxide  y 'elded  5  g  of  a  nydrocarbon  (27. 5^  of  the  theoretical  yield)  with  a  b.p. 
of  20vV.701.5®  (762  mm,  5  n^°  1.4621  and  df®  O.8092. 

T- e  synthesized  preparations  decoxorlzed  bromine  water  and  a  potassium 
perman^ajate  solution  and  contained  no  sulfur.  .Redlstlllation  (into  the  column) 
of  the  combined  preparations  yielded  a  hydrocarbon  possessing  the  following 
constants  % 

B.p.  199.5-200,5®  (751  mm))  n^°  1.4600)  df®  O.8098.  MR^^  56.24)  Calc.  56.68. 

T}- ts  hydrocarbon  must  be  3>6-dlethyloctadlene-5,5  (not  described  in  the 
literature),  but  the  absence  of  exaltation  of  the  molecular  refraction  and  the 
analysis  results  indicate  that  it  contained  a  slight  traoe  of  the  initial  oxide 
that  could  not  be  eliminated  by  distillation. 
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4.645  mg  substance?  14.305  mg  CO25  5-500  mg  HsO.  5-^20  mg  substances 
17.325  mg  C02>  6.695  mg  H2O,  Found  C  84.02,  84.105  H  13-25,  13.32. 

C12H22-  Calculated  C  86.665  H  13-35-  C12H24O.  Calculated  C  78. 19 5 
H  13.13. 

Hence,  passing  2,2,5,5-tetraethylfuranidlne  over  alumina  in  a  strong 
current  of  hydrogen  sulfide  yielded  as  one  of  the  reaction  products  the 
diene  hydrocarbon  C;i2H22^  no  sulfur-containing  compound  being  produced. 

The  synthesized  hydrocarbon  polymerized  upon  standing. 

Conversion  of  2 .5»Diethylfuranidine  Into  2,5-Diethylthiophane 

9  grams  of  2,5-diethylfuranidine  was  passed  over  alumina  at  350®  at 
the  rate  of  8  drops  per  minute  in  a  current  of  hydrogen  sulfide.  The  ether 
extracts  of  the  catalyzate  were  dried  with  potassium  hydroxide,  the  ether 
driven  off,  and  the  residue  distilled  from  a  flask  fitted  with  a  dephlegmator . 

Distillation  yielded  two  fractions?  I  b.p.  76-150*5  and  II  b.p.  150-200*. 
Double  distillation  of  Fraction  II  yielded  1.2  g  of  2,5-diethylthiophane  (12^ 
of  the  theoretical  yield),  possessing  the  following  constants? 

B.p.  183.5-184.5*  (1760  mm) 5  n?o  1. 48255  df°  0.9104.  45.165  Calc.  44.72. 

5.436  mg  substances  8.730  mg  BaS04.  Found  ^s  S  22.05.  C&:..6S.  Calculated 
S  22.22. 

Si^sequent  redist illations  of  the  fraction  with  a  b.p.  of  76-150®  yielded 
a  hydrocarbon  fraction  with  a  b.p.  of  125-127®  (l.l  g),  which  decolorized 
bromine  water  and  a  potassium  permanganate  solution  and  contained  no  sulfur. 

This  fraction  was  not  investigated  further. 

Under  the  same  conditions  (350®)  2,5-dlmethylfuranidine  (9  g)  yielded  4.5  g 
of  2,5-dlmethylthlophane  (43^  of  the  theoretical  yield), 

B.p,  l40-l4l®  (760  mm)5  n^°  I.48185  df°  0.9235-  35-855  Calc.  55o68. 

Figures  in  the  literature  ror  2,5-dlmethylthlophanes  Tu.  K.  Turev  [!]■> 
b.p.  l40. 2—140.8®  (758  mm)  5  n^°  1,48225  d|°  0.9220. 

Catalytic  Dehydration  of  2.2g5a5-Tetramethylfuranidlne  With  No  Bydrogen  Sulfide 

Present 

50  grams  of  2,2,5,5-tetramethylfuranldine  were  passed  over  alumina  at 
350®  in  a  gentle  current  of  nitrogen.  The  hydrocarbon  layer  of  the  cataiyzate 
(27  g)  was  desiccated  with  potassium  chloride  and  then  distilled  into  a  column 
with  an  efficiency  of  25  theoretical  plates  (see  table) . 


Fraction 

No, 

Grams 

Boiling  point 
at  760  mm 

ci5° 

I 

1.4 

45—100® 

— 

II 

1.8 

100—107 

1,4178 

0.7372 

III  1 

2.2 

107—111.4 

1.4l80 

0.7372 

IV  i 

i  3-6 

111.4—115.5 

1,4204 

0,7385 

V 

5-2 

;  115.5—129 

1.4412 

0,7709 

VI 

1.4 

!  129—150 

1.4644 

0,7832 

VII 

5-9 

:  150—245 

(Distilled  from  a  flask 

fitted  with  a  small 

dephlegmator) 

Residue 

i  Tar 

1 

All  the  fractions  decolorized  bromine  water  and  a  solution  of  potassium 
I)ermanganate . 
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Redistillation  of  Fractions  V  and  VI  yielded  1.7  g  of  a  fraction  with  a 
b.p.  of  115.5-120“ 5  nf°  I.45585  I.5  g  of  a  fraction  with  a  h.p.  of  120-124® 5 
n^°  I.439OJ  and  1.8  g  of  a  fraction  with  a  h.p.  of  124-129.5® 5  n^°  1.4480. 

The  fractionation  data  indicated  that  the  product  of  the  dehydration  of 
2,2,5,5-tetramethylfuranidine  in  a  current  of  nitrogen  was  a  mixture  of 
unsaturated  hydrocarbons,  from  which  2,5“dimethylhexadlene-2,4  could  not  be 
isolated  in  the  pure  state. 

Several  of  these  fractions  were  combined  together  (in  view  of  the  closeness 
of  their  constants)  in  order  to  investigate  the  composition  of  this  mixture  by 
means  of  Raman  spectra. 

The  Raman  spectra  were  recorded  with  a  three-prism  glass  spectrograph  with  a 
mean  dispersion  of  15  A/mm  in  the  4558-4916  A  region,  using  a  slit  width  of  0.1 
mm,  equivalent  to  approx.  6  cm — ^  in  the  spectrum.  The  excitation  for  the 
spectrum  was  furnished  by  the  Hg  line  of  4558  A  (using  a  KNO2  light  filter). 

The  apparatus  and  the  procedure  employed  have  been  described  in  detail 
earlier  [16]. 

The  spectra  of  the  pure  2,2,5,5-tetramethylfuranidine  and  of  four  fractions 
of  the  catalyzate,  secured  when  the  2,2,5,5-tetramethylfuranidine  was  dehydrated 
over  alumina  are  given  below. 

In  the  spectra  the  relative  blackening  is  indicated  in  parentheses  after  the 
frequencies,  the  blackening  being  measured  in  the  microphotograms,  with  the  excep¬ 
tion  of  the  fraction  with  a  b.p.  of  115.5-124®,  in  whose  spectrum  the 
blackening  of  the  strongest  lines  was  estimated  visually  owing  to  the  Intensity 
of  the  background. 

The  quantitative  composition  of  the  fractions  was  estimated  from  the 
intensity  (on  an  objective  scale)  of  the  lines  for  the  pure  substances  that 
might  be  present  in  the  fractions  analyzed  and  by  the  blackening  of  the 
corresponding  lines  in  the  spectra 5  it  is  approximative. 

In  the  fraction  with  a  b.p.  of  100-111.4°  the  frequencies  of  515^  442,  470, 

505,  5^1,  593,  769,  850,  917,  950,  956,  1071,  1104,  1177,  1355,  1382,  and  1672 

cm — ^  Indicate  the  presence  of  some  25^  of  trans-2,5-dimethylhexene-2  [4],  The 
trans-2 .5-dimethylhexene-5  is  apparently  not  present,  since  the  spectrum  does 
not  exhibit  the  strongest  line  of  this  hydrocarbon,  46o  cm — ^  [4].  We  attribute 
the  1657  cm — ^  line  to  ci8-2 ,5-dimethylhexene-2 .  the  percentage  of  which  we 
estimate  to  be  about  25^.  The  rest  of  this  fraction  apparently  consists  of 
alkanes  (possibly  2,5-dimethylhexane) ,  the  presence  of  which  is  evinced  by  the 
extremely  strong  band  1459-1^56  cm — ^  (deformation  oscillation  of  the  CH2  group). 
The  fraction  tested  can  have  only  traces  of  the  Initial  2,2,5,5-'tetramethylfurani- 
dlne.  Inasmuch  as  the  spectrum  does  not  display  the  strongest  lines  in  this 
oxide’s  spectrum,  583  and  908  cm — 

The  frequencies  found  in  the  fraction  with  a  b.p,  of  111.4-115.5® s  257,  527. 
580b,  590,  4l6b,  454,  494,  530,  760,  854,  890,  and  others,  as  well  as  l649  and 
1672  cm — ^  indicate  the  presence  of  the  following;  some  15^  of  2,5-dlmethyl- 
hexadlene-1,5  (diisobutenyl)  [1715  2,5-dliliethylhexene-2,  its  trans  form 
totalling  some  45-50^  and  its  els  form  some  5^^  (on  the  assumption  that  the 
intensities  of  the  characteristic  bands — I658  cm — ^  for  the  cis  form  and  I672 
cm — ^  for  the  trans  form— are  about  120  units  on  the  so-called  cyclohexane 
scale,  on  which  leoi  cyclohexane  equals  250  per  mole  and  cm — ^).  An 
alkane  may  be  present  (though  not  exceeding  10^).  There  is  practically  no  2,5- 
dimethylhexadiene-2,4  (dilsocrotyl)  in  this  fraction,  since  the  fraction's  spec¬ 
trum  does  not  exhibit  the  very  strong  lines  of  this  hydrocarbons  II56  (750), 

1226  (520) ,  and  1566  (54o)  cm — ^  (the  intensities  within  parentheses  are  given 
in  units  of  the  cyclohexane  scale) . 


The  fractions  with  b.p.  of  115.5-12^4-®  and  124-129.5“  could  not  be 
deciphered  in  their  entirety,  though  the  presence  of  the  following  frequencies 

[4]s  295,343,468,  839,  862,  1023-I040d,  1065,  1096,  1155,  1225,  I330d,  1364, 
1382,  i443-1%6,  i648,  and  1665  cm — ^  indicates  that  they  contain  substantial 
amounts  of  2,5-dimethylhexadiene-2,4,  no  less  than  70^  in  tlie  fraction  with  a 
b.p.  of  124-129.5®.^) 

Spectrum  of  2,2,5,5-i®'tnamethylfuranldine.  -^><'=248(3)  282  (2)5 

310  (12)j  352(5);  370(7);  421(4)dj  452(3)5  583(38)5  7^0(7)5  768(51)5  850(9)5 
908(22)5  9^2(9)5  964(7);  1000(11)>  1025(3)5  1079(12)5  1133(5)5  1215(16)5 
1245(11)5  1268(11)5  1515(3><il  1445(24)5  i464(24). 


Spectra  of  the  Products  of  the  Dehydration  of  2.2,5.5-Tetramethylfuranidine 

1.  Fraction  with  a  b.p.  of  100-111.4®.  Av  =  265(4)d5  315(^)r;  335(7)5 

390(3)d5  4l3(4)d5  442(2)5  470(3)5  505(^)5  5^1(8);  567(13)5  593(6)5  648(5); 

705(4);  769(10)r;  805(7)h;  824(7)h5  850(8)15  890(5);  917(5)t  *930(6)5  ' 
956(8)5  1001(3)5  1035(8)5  1071(4)5  1104(ll)r;  1150(5)1;  1177(5); 

1204(5);  1299(6)r;  1335(7);  1382(14);  1439-56 (42 ) r, s;  '  1657(24)- 

1672(21) . 

2.  Fraction  with  a  b.p.  of  111.4-115 .5®  .  A  v  =  257— 95(3)r,d  ;  322(5>'; 

587— 97(5):d  5  421— 47(5) r,  d;  470(6);  490(5);  530(4);  5^7(4);  570(3); 
587(5);  773(17);  803(6);  850(ll)r,  s  ;  890(7)r;  921(5);  94o(4)d; 

96o(14);  1015(8);  1032(7)5  1071(6);  1090(1);  1107(l4)r;  1150(2); 

1170(8);  1196— 1204  (3  )d  5  1246r5);  1270(6);  1301(5);  1532(16)5  1382(24); 
1446—64(42);  1647—61(29)  s  ;  1672(49). 

3.  Fraction  with  a  b.p.  of  115.5-124®. A  v=  295r,d  •  4o6 — 2ir,d  • 

468;  537;  6085  628;  683(2);  764;  771;  81I;  839(3);  862(3);  8935 
943;  96O;  1015-40r;  1074;  1098r  5  1157(5);  II7O5  1212;  1225;  127O; 

1299;  1317;  1332;  13675  1382(10);  1440-56(10);  1650(8);  1665(20); 
1680(8). 

4.  Fraction  with  a  b.p.  of  124-129.5® . A  v  =  295(4)r;  343(3);  4l4(3)d; 
445(2)5  468(5);  502(3);  534(4);  587(5)5  631(2)5  683(5)r;  728(3);  764(3)d; 
811(4);  839(9)5  862(9);  1000(2);  1023-40(3)ci5  1065(6);  1096(8)r;  1155(28); 
1225(22)5  I330(6)d;  1364(5);  1382(50);  1443-56(33);  1648(25);  1665(50)5 
1680(10). 


SUMMARY 


1.  When  2,2,5,5-’tetramethylfuranldine  comes  into  contact  with  alumina  at 
550®  in  an  atmosphere  of  hydrogen  sulfide,  the  only  reaction  taking  place  is 
dehydration,  the  principal  reaction  product  being  2,5-dimethylhexadlene-2,4 
(dilsocrotyl) ,  and  its  yield  being  30^  of  the  theoretical. 

When  no  hydrogen  sulfide  is  present,  the  contact  of  2,2,5,5-tetramethyl- 
furanldine  with  alumina  at  350®  yields  a  mixture  of  unsaturated  hydrocarbons, 
containing  2,5-dimethylhexadiene-l,5  (diisobutenyl) ,  2,5-dlmethylhexene-2 
(the  cis  and  trans  Isomers),  possibly  2,5-dimethylhexane,  and  higk-boiling 
polymers,  in  addition  to  the  2,5-dimethylhexadiene-2,4. 

2.  When  2,2,5,5-'teiraethylfuranldlne  comes  into  contact  with  alumina  in 
an  atmosphere  of  hydrogen  sulfide,  the  principal  reaction  product  {2'J yield) 
is  again  a  diene  hydrocarbon:  5,6-dlethyloctadlene-3,5,  that  apparently  con- 
tains  an  inseparable  trace  of  the  initial  oxide. 

^)  We  are  indebted  to  V.  M.  Tatevsky  for  his  counsel  in  the  optical  analysis  of 
the  chemical  nature  of  the  dehydration  product  of  2, 2, 5, 5  -tetramethylf uranidlne . 


3.  When  2,2,5,5-tetraalkylfuranidines  are  acted  upon  by  hydrogen  sulfide, 
they  cannot  be  transformed  catalytically  into  the  corresponding  thiophanes  because 
the  mercapto  hydroxy  compounds  formed  as  intermediates  are  ditertiary  and  they 
all  split  out  water  and  hydrogen  sulfide  with  ease. 

4.  When  2,5-dimethyl-  and  2,5  diethylfuranidine  are  reacted  with  hydrogen 
sulfide  at  350*’  "the  presence  of  AI2O3,  they  are  converted  into  2,5-diinethyl- 
thiophane  and  2,5-diethylthiophane,  respectively. 

5.  In  conformity  with  the  rule  established  by  R.  Ya.  Levina  and  V.  R. 
Skvarchenko,  the  2,5-dimethylhexadiene-2,if  is  partially  hydrogenated  by  hydrogen 
at  the  instant  of  its  formation  (as  took  place  in  the  catalytic  dehydration  of 
2,2,5,5-‘t^tramethylfuranidine  at  350®  with  no  hydrogen  sulfide  present)  at  the 

I, 2  position,  resulting  in  the  formation  of  a  mixture  of  the  cis  and  trans 
isomers  of  2,5-dimethylhexene-2. 
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RESEARCH  ON  THE  ALKALOIDS  OF  Eremosparton  flaccldum  Litw 


V.  M.  Merlls 

The  Central  Asian  subsurface  plant  Eremosparton  flaccldum  Litw,  which  be¬ 
longs  to  the  legume  family  (Leguminosete) ,  grows  in  the  eastern  Kara-Kum,  The 
presence  of  alkaloids  in  Eremosparton  flaccldum  Litw  was  discovered  for  the  first 
time  in  1932  by  P.  S.  Massagetov,  head  of  the  expedition  of  the  S.  M.  Ordzhoni¬ 
kidze  All-Union  Research  Institute  of  Pharmaceutical  Chemistry  (AURIPC).  Pharma¬ 
cological  examination  of  the  raw  material  he  had  collected  Indicated  that  an  ex¬ 
tract  of  the  green  portions  of  this  plant  lowered  blood  pressure  greatly  without 
affecting  respiration. 

We  subjected  this  plant  to  chemical  examination  for  the  first  time  in  the 
spring  of  19^1,  All  endeavors  to  isolate  individual  alkaloids  from  the  green 
portions  of  Eremosparton  Flaccldum  Litw  in  the  usual  manner,  i.e.,  extraction 
as  bases  with  an  organic  solvent,  followed  by  treating  the  resulting  solution 
with  sulfuric  acid,  resulted  in  a  highly  teured,  strongly  basic  mixture  of  al¬ 
kaloids.  Further  processing  did  not  yield  individual  alkaloids;  only  distilla¬ 
tion  in  vacuo  at  3-^  nim  yielded  minute  quantities  of  two  substances  that  under¬ 
went  change  when  exposed  to  the  air  and  were  converted  into  hydrochlorides  by 
the  action  of  alcoholic  hydrochloric  acid.  '  The  composition  of  one  of  them, 
with  a  m.p,  of  129-130®,  most  closely  approximated  the  formula  C9H2004N4*  2HClo 
The  formula  for  the  second  hydrochloride,  with  a  m.p,  of  262®,  was  C9H2ON2  •  2HC1. 
Both  the  formula  and  the  melting  point  of  this  substance  were  those  of  the  dl- 
hydrochlorlde  of  isopropylvinylputresclne,  prepared  by  the  hydrolytic  cleavage  of 
spherophyslne,  Isolated  by  M.  M,  Rubinshtein  and  G.  P.  Menshikov  [1]  from  the 
Central  Asian  plant  Sphaerophysa  salsula,  which  also  belongs  to  the  legume  family. 

Since  the  amount  of  the  substance  we  had  isolated  proved  to  be  insufficient 
for  a  direct  comparison  with  the  dihydrochloride  of  isopropylvinylputresclne, 
even  by  determining  their  mixed  melting  point,  we  treated  the  plant  to  secure 
the  alkaloids,  but  this  time  by  a  method  resembling  the  procedure  specified  by 
the  foregoing  authors  for  the  recovery  of  spherophyslne  from  Sphaerophysa  salsula. 
The  alkaloids  were  recovered  as  carbonates,  hydrolytic  cleavage  of  which  yielded 
a  diamine  that  was  Identified  as  the  diamine  Isolated  from  spherophyslne  by 
directly  comparing  their  picrates  and  hydrochlorides.  Their  mixed  melting  points 
exhibited  no  depression.  We  also  isolated  another  product  of  the  hydrolytic 
cleavage  of spherophyslne -urea,  which  was  identified  as  its  nitrate  and  succinate, 
and,  lastly,  we  Isolated  and  identified  spherophyslne  carbonate  by  refining  the 
total  carbonates.  The  comparative  data  are  listed  in  the  following  tables 


From  Eremosneurton  flaccldum 

From  Sphaeronhysa 

1 

! 

Litw,  melting  point 

salsula,  melting  point 

■-  _ _  _  .  - . - 

1 

*  .  j 

i 

Spherophyslne  carbonate  .  * 

1 -  ..  .Ml.  >r.  1  .  .  ,  1 

192-193* 

192-193® 

Spherophyslne  benzoate... . . 

149-150 

149-150 

Isoprogylvinylputresclne  hydro- 

262-263 

262-263 

Isopropylvinylputresclne  plcrate 

1  180-181 

1 

180-181 
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It  was  subsequently  discovered  that  spherophysine  is  found  not  only  in 
Spher ophysa  salsula  and  Eremosparton  flaccidum  Litw,  but  also  in  a  third  plant  of 
this  family.  A.  A.  Ryabinin,  for  example,  has  isolated  spherophysine  from 
Smirnovia  turkestana  Bge. 


EXPERIMENTAL 

Extraction  of  Eremosparton  flaccidum  Litw  with  dichloroethane.  5  kg  of 
the  dried  and  finely  pulverized  green  portions  of  the  plant  was  wetted  with  10^ 
ammonia  and  then  extracted  with  dichloroethane  until  all  the  alkaloids  had  been 
extracted.  The  dichloroethane  solution  was  treated  with  10^  sulfuric  acid,  the 
acid  solution  being  neutralized  with  ammonia,  dried  with  potash,  and  extracted 
first  with  ether  and  then  with  chloroform.  Driving  off  the  ether  yielded  1.5^  g 
(or  0.051^  of  the  plant  weight)  of  a  light-yellow  mixture  of  alkaloids,  which 
were  sparingly  soluble  in  water,  had  almost  no  alkaline  properties,  and  contained 
traces  of  essential  oils.  Driving  off  the  chloroform  yielded  ^.65  g  (0,095^ 
of  the  plant  weight)  of  a  black,  tarry,  strongly  alkaline  mixture  of  alkaloids. 

The  alkaloids  of  this  fraction  were  freely  soluble  in  water  and  absorbed  carbon 
dioxide  when  allowed  to  stand  exposed  to  the  air. 

The  alkaloids  of  both  fractions  are  strongly  tarred  by  the  action  of  acids, 
yield  no  crystalline  salts,  and  decolorize  permanganate  in  sulfuric-acid  solution. 
Hydrogen  is  absorbed  when  they  are  hydrogenated  with  a  Pt  catalyst,  but  the  resul¬ 
tant  substance  does  not  yield  crystalline  salts  either.  Separating  the  total  alka¬ 
loids  into  fractions  according  to  their  basicity  or  according  to  their  solubility 
in  various  solvents  failed  to  yield  the  individual  substances. 

Distillation  of  the  chloroform  fraction  in  vacuo.  Two  fractions  were  collec¬ 
ted  when  the  mixture  of  alkaloids  secured  by  extraction  with  chloroform  was  dis¬ 
tilled  at  a  3-^  mm  vacuum.  The  first  fraction  distilled  at  98-100"  and  was  for 
the  most  part  a  crystalline  substance  that  was  highly  hygroscopic  and  volatile. 

It  was  converted  into  a  hydrochloride  by  the  action  of  alcoholic  hydrochloric 
acid,  the  mother  liquor  quickly  turning  black  and  tarring  completely  after  the 
crystalline  matter  had  been  filtered  out.  Recrystallization  from  boiling  acetone 
yielded  the  hydrochloride  as  thin  colorless  needles  with  a  m.p.  of  129-150®. 

5.2l4  mg  subst.s  5o982  mg  C02>  2.07^  mg  H2O.  2.h77  mg  subst.g  0.355  ml 
Ns  (24®,  755  mm).  6.205  mg  subst.s  5*762  mg  AgCl.  Found  C  33*79j 
H  7*175  N  l6>  Cl  22.99.  C9H2o04N4  »  2HC1.  Calculated  C  35*645 

H  6.855  N  17.45  Cl  22.12. 

The  aqueous  solution  of  the  hydrochloride  had  an  acid  reaction  and  yielded 
no  precipitate  at  all  with  sillcowolframic  acid,  in  contrast  to  the  mother  liquor, 
which  yielded  an  abundant  precipitate. 

The  second  fraction,  distilling  at  IOO-II5®,  was  a  liquid.  Reacting  it 
with  alcoholic  hydrochloric  acid  yielded  the  hydrochloride,  which  crystallized 
from  alcohol  as  lustrous  colorless  lamellae  with  a  m.p.  of  262®,  which  produced 
neutral  aqueous  solutions.  After  the  hydrt)chloride  had  been  filtered  out,  the 
acid  mother  liquor  blackened  and  tarred. 

5.2l4  mg  substance;  5*952  mg  CO25  2,074  mg  H2O.  2.477  mg  substance;  0.355 
ml  Ns  (24®,  755  mm).  6,205  mg  substance:  5*762  mg  AgCl.  Found  C  55*79)  H  7*17) 

N  165  Cl  22,99.  C9H2o04N4-2HC1.  Calculated  C  55*645  H  6.855  N  17*45  Cl  22.12. 

Extraction  of  Eremosparton  flaccidum  with  alcohol  from  the  acid  solution.  1 
kg  of  air-dry  green  portions  of  the  plant  was  extracted  three  times  with  alcohol, 
slightly  acidulated  with  acetic  acid.  After  the  alcohol  had  been  driven  off  in 
vacuo,  the  residue  was  diluted  with  water,  and  the  voluminous  precipitate,  which 
contained  chloroform,  was  suction-filtered.  The  filtrate  was  strongly  alkalinized 
with  a  40^  solution  of  sodium  hydroxide  and  extracted  with  chloroform. 


4l4 


I 


The  alkaloid  was  extracted  from  the  filtered  chloroform  solution  by  dlstjlled 
water,  the  aqueous  alkaline  solution  being  saturated  with  carbon  dioxide  and 
all  the  water  being  driven  off  at  40-45*’  in  a  20mm  vacuumo  The  crystalline 
precipitate  was  a  mixture  of  alkaloid  carbonates  and  Inorganic  carbonates „ 


Hydrolytic  cleavage  of  the  carbonates,,  Half  of  the  residue  was  subjected 
to  hydrolytic  cleavage  by  the  Rubinshtein  and  Menshikov  method,  using  barium 
hydroxide [1 ] .  The  liquid  base  produced  was  converted  Into  the  hydrochloride 
with  a  mop.  of  262-263®  and  the  picrate  with  a  mopo  of  I8O-I81*'  ,,  Neither  salt 
exhibited  a  depression  of  the  mixed  melting  point  with  tne  respective  ealt  of 
isopropylvinylputrescine,  prepared  by  the  nydroiytlc  cleavage  of  spherophysine* . 

Appropriate  treatment  by  the  same  method  of  ths;  aqueous  solution  obtained 
after  the  base  had  bean  elimlx;a.ted  yielded  urea^  The  characteristic  urea  nitrate 
with  a  moPo  of  .i49''  and  urea  succinate  with  a  mop.  of  1.42'  were  prepared. 

Isolation  of  spherochyslne  carbonate „  The  other  half  of  the  carbonate 
mixture  was  freed  of  Its  inorganic  salts  by  means  of  absolute  alccnoio  Triple 
recrystallizati  cn  .from  absolute  alcohol  yielded  the  substance  as  white  naedies, 
melting  with  decomposition  at  192-193®  o  its  ml.xed  me.. ting  point  with  spnero- 
physlne  carbonate  ex.nlblted  no  depression.  The  benzoate  prepared  .^rom  the  car¬ 
bonate  had  a  m.p.  of  »  Tts  mixed  me  ting  point  with  spheropcyslne  ben¬ 

zoate  did  not  exhibit  any  depression  eltner. 

SlllMAR/ 

Two  substances  nave  been  isolated  from  the  Tentral  Asian  plant  Fremoscarton 
f  laccldum  Litw  ’  !i,eguminosae  fami.iy^  ,  one  of  them  proving  to  be  sp.aerop.nysine, 
which  was  previously  i.so...ated  from  Spnaercpnysa  salsula  of  t.he  same  famli.yo 

The  other  substance,  whose  hydrochloride  nas  a  formu..a  teat  approximates 
C9H2o04N4‘’2HC1,  was  recovered  In  an  extremely  minute  amount,  and  has  been 
subjected  only  to  preliminary  study  as  yet. 
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DISCUSSION 


A.  M.  BUTLEROV'S  THEORY  OF  CHEMICAL  STRUCTURE  AND  ITS  RECENT  SUCCESSES 

G.  V.  Chelintsev 

The  problems  of  chemical  structure  continue  to  hold  the  center  of  the  stage  in 
the  Soviet  chemical  world.  The  existent  confusion  in  chemical  theory  is  a  serious 
obstacle  to  the  scientific,  practical,  pedagogical,  and  ideological  work  of  chemists. 
The  contemporary  practical  and  methodological  problems  of  chemical  theory  can  be 
solved  only  along  the  lines  of  A.  M.  Butlerov’s  theory  of  chemical  structure,  which 
has  been  tested  in  the  widest  practical  applications  and  is  therefore  reliable.  An 
attempt  at  such  a  solution  was  advanced  by  me  some  three  years  ago  in  my  book 
"  Outline  of  the  theory  of  organic  chemistry”  (State  Chemical  Press,  19^9) »  The 
present  article  deals  with  A.  M.  Butlerov's  theory  of  chemical  structure  in  the 
light  of  the  recent  publication  of  the  volume  "A.  M.  Butlerov.  Selected  works  on 
organic  chemistry”  (USSR  Acad.  Sci,  Press, 1951)  and  of  the  Report  of  the  Commission 
of  the  Division  of  Chemical  Sciences  of  the  USSR  Academy  of  Sciences  ”The  state  of 
the  theory  of  chemical  structure  in  organic  chemistry"  (USSR  Acad.  Sci.  Press,  195 1 ) » 


I.  A.M.  Butlerov's  Theory  of  Chemical  Structure 

A  great  event  has  recently  occurred  in  Soviet  chemistry— the  publication  of  the 
volume  of  A.M.  Butlerov's  selected  works.  At  last  wide  circles  of  Soviet  chemists 
have  the  opportunity  of  making  direct  acquaintance  with  the  theory  of  chemical 
structure  that  served  as  a  guiding  star  in  the  development  of  chemistry  nearly  100 
years  ago.  The  book  is  beautifully  gotten  up,  and  the  papers  by  A.M.  Butlerov  have 
been  well  selected  and  edited.  The  editorial  articles  by  A.D.  Petrov  and  by  B.A. 
Kazansky  and  G.V.  Bykov  correctly  indicate  the  tremendous  significance  of  A.M. 
Butlerov's  experimental  work  in  the  development  of  applied  and  theoretical  organic 
chemistry. 

The  interpretation  of  the  key  idea  of  A.M.  Butlerov's  theory  of  chemical  struc¬ 
ture  given  by  B.A.  Kazansky  and  G.V.  Bykov  by  way  of  orientation  for  the  reader  in 
evaluating  the  significance  of  that  theory  and  as  a  reflection  of  the  editors' 
standpoint  produces  a  painful  impression,  however.  In  the  conclusion  of  their  art¬ 
icle,  B.A.  Kazansky  and  G.V.  Bykov  writes  "Naturally  enough,  the  theory  of  chemical 
structure  has  not  retained  all  of  its  original  classical  form  and  has  undergone 
further  development.  Though  A.M.  Butlerov  found  it  necessary  to  distinguish  between 
the  concept  of  chemical  structure  and  the  spatial  arrangement  of  the  atoms  within  a 
molecule. . .this  (such  a  distinction— G.Ch. )  lost  any  significance  for  the  modern 
theory  of  structure  long  ago.  When  contemporary  theory  discusses  the  structure  of 
a  molecule  of  an  organic  compound,  it  conceives  of  it  in  the  literal  sense  of  the 
word,  that  is,  it  refers  to  the  spatial. ..  .arrangement  of  the  atons  com^lsing  it... 
a  definite  polarity  of  its  component  parts,  and  the  like.^'  (p. 583-58^)  Thus,  the 
concept  of  chemical  structure  advanced  by  A.  M.  Butlerov, that  is,  the  fundamental 
difference  between  A.M.  Butlerov's  theory  and  the  views  of  Kekule  or  Kolbe,  accord¬ 
ing  to  B.A.  Kazansky  and  G.V.  Bykov  themselves  (p.  ^6^),  is  wrong  in  the  opinion  of 
contemporary  chemists. 

The  idea  of  chemical  structure  as  some  higher,  supramechanlcal  law  of  chemical 

Here  and  elsewhere  in  this  article,  unspecified  page  references  refer  to  the 
one-volume  edition  of  A.M.  Butlerov's  selected  works. 
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phenomena,  to  the  establishment  and  confirmation  of  which  A.  M.  Butlerov  devoted  his 
life,  turns  out  to  be  false „  According  to  BoA.  Kazansky  and  G.V.  Bykov,  it  is  the 
mechanical  concept  of  chemical  structure  as  nothing  but  the  spatial  arrangement  of 
atoms  within  the  molecule,  ice. ,  the  "constitution”  theory  of  A.M,  Butlerov's  ideo¬ 
logical  opponents,  Kekule  and  Kolbe,  that  conforms  to  contemporary  chemical  science „ 

In  their  endeavor  to  justify  somehow  or  other  their  description  of  A.M. Butlerov 
as  "a  great  Russian  chemist”  (p.  583),  B.A.  Kazansky  and  G.V.  Bykov  write  that  "The 
concept  of  chemical  structure  is  not  basic  to  A.M.  Butlerov’s  theory.  The  central 
place  in  that  theory  is  occupied  by  his  postulate  of  the  chemical  properties  of  a 
compound  as  a  function  of  its  structure. .. .This  postulate  proved  to  be  wholly  revo¬ 
lutionary  in  its  time"  (  p.  559) «.  ."However,  the  concept  of  A.M.  Butlerov's  concern¬ 
ing  chemical  structure  was  a  substantial  step  forward,  since., .by  differentiating 
the  notion  of  the  distribution  of  the  bonds  between  chemical  atoms  from  the  notion 
of  the  distribution  of  the  physical  atoms  in  space  (the  'relative  arrangement  of 
atoms ' ) ,  it/  demarcated  the  real  goaL  of  the  development  of  organic  chemistry — the 
establishment  of  the  chemical  structure  of  organic  compounds"  (p.  558)* 

B.A,  Kazansky  and  G.V.  Bykov  regard  Butlerov’s  idea  of  chemical  structure  as  a 
lucky  mistake  that  proved  to  be  fertile  from  the  practical  standpoint,  Kazansky 
and  Bykov  try  to  show  that  the  idea  of  the  dependence  of  the  properties  of  sub¬ 
stances  upon  the  structure  of  their  molecules  would  be  impossible  within  the  con¬ 
fines  of  a  ’"truly”  mechanical  concept  of  chemical  structure,  such  as  the  arrangement 
of  the  atoms  in  space.  In  brief,  B.A,  Kazansky  and  G.V.  Bykov,  considering  A.M. 
Butlerov's  concept  of  chemical  structure  to  be  erroneous,  do  all  they  can  (and  even 
more  than  they  can)  under  these  difficult  circumstances  to  prove  the  decisive  part 
played  by  his  theory  in  the  evolution  of  organic  chemistry. 

Acknowledging  the  good  intentions  and  the  heroic  efforts  of  B.A,  Kazansky  and 
G.V.  Bykov,  we  cannot  but  regret  that  their  article  is  included  in  the  single-volume 
edition  of  A.M,  Butlerov's  selected  works.  This  article  hampers  a  true  understand¬ 
ing  of  A.M,  Butlerov’s  theory  of  chemical  structure.  Nor  can  we  fail  to  regret  the 
publication  of  the  review  by  B.M.  Rodionov  in  Progress  of  Chemistry  (l951.''No.4) ,  in 
which  the  article  by  B.A, Kazansky  and  G.V,  Bykov  is  appraised  enthusiastically.  All 
this  aggravates  the  harm  done  to  Soviet  chemical  science  by  the  traditional  neglect 
of  the  great  practical  and  philosophical  significance  of  A.M,  Butlerov’s  theory. 


Contrary  to  the  assertion  made  by  B.A,  Kazansky  and  G.V.  Bykov,  the  idea  of  a 
supramechanical— chemical— structure  of  molecules  is  the  cornerstone  of  A.M.  But¬ 
lerov’s  theory.  In  A.M,  Butlerov’s  historic  report  "The  chemical  structure  of 
substances"  (I861),  he  saids  ®We  do  not  know  the  connection  that  exists  within 
complex  molecules  between  the  mutual  chemical  interactions  of  the  atoms  that  com¬ 
prise  them  and  their  mechanical  arrangement ., .but  nevertheless,  even  if  we  leave 
aside  the  very  notion  of  physical  atoms,  we  cannot  deny  that  the  chemical  properties 
of  a  complex  body  are  chiefly  governed  by  the  chemical  relations  of  the  elements 
that  comprise  it"  (p.  71) » . »  ’"Up  to  now  I  thought  it  possible  to  modify  the  well- 
known  rule  to  the  effect  that  the  nature  of  a  complex  molecule  is  determined  by  the 
nature ,  the  number ,  and  the  arrangement  o£  its  elementary  constituents  as  follows? 
The  chemical  nature  of  a  complex  molecule  is  determined  by  the  nature  of  the  ele - 
mentary  constituents,  their  number,  and  the  chemical  structure"  (p.  72)  *j,  "If  we 
now  try  to  determine  the  chemical  structure  of  substances  and  succeed  in  represent¬ 
ing  it  by  our  formulas,  these  formulas  will  be  genuinely  rational  formulas  to  a 
certain  extent,  even  if  not  entirely  so.  In  the  light  of  this,  only  one  rational 

^)  A.M. Butlerov  used  the  concept  of  chemical  structure  to  replace  that  of 
arrangement.  Therein  lies  the  revolutionary  nature  of  A.M.Butlerov’ s  lecture. 
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formula  will  be  possible  for  any  one  substance,  and  when  we  know  the  general  laws  of 
the  relationship  between  the  chemical  properties  of  substances  and  their  chemical 
structure,  a  formula  of  this  sort  will  express  all  these  properties."  (p.  782), 

Thus  A. M. Butlerov  makes  a  clear  distinction  between  the  concept  of  the  mechan¬ 
ical  arrangement  of  atoms  within  molecules  and  the  concept  of  chemical  structure 
and,  putting  aside  for  the  moment  the  problem  of  the  relationship  between  mechanical 
state  and  chemical  structure,  he  affirms  the  decisive  Importance  of  the  latter  In 
determining  the  distinct  multiformity  (a  single  formula  of  chemical  structure  exist¬ 
ing  for  every  substance)  and  chemical  properties  of  substances. 

In  1863  A.M. Butlerov  thought  It  necessary  to  exclude  any  terminological  con¬ 
fusion  that  might  lead  to  confusion  of  the  concepts  of  chemical  structure  and  the 
spatial  arrangement  of  atoms.  In  his  comparison  of  the  terms  “constitution"  and 
’’chemical  structure,  *’ A.M. Butlerov  expresses  his  preference  for  the  latter,  "as  It 
Is  more  characteristic  and  Is  not  employed  In  various  connotations,  like  the  word 
’constitution,’  and  hence  cannot  lead  to  confusion  so  readily."  In  a  footnote  he 
adds,  "The  expression  ’the  topographical  position  of  atoms’  current  lately  hardly 
seems  to  be  suitable,  since  It  contains  the  notion  of  a  determination  of  the  posi¬ 
tion  of  atoms  In  space.  I  see  no  need  for  speaking  of  this  arrangement .. .when  dis¬ 
cussing  the  chemical  bond  between  atoms...  As  the  consideration  of  the  spatial  pos¬ 
ition  of  atoms  Is  Immaterial  for  chemical  purposes. . .the  retention  of  expressions 
that  presuppose  this  location  will  only  hamper  the  desirable  unification  of  differ¬ 
ing  (though  In  principle  similar)  views,  which  Is  so  extremely  Important  for  the 
advancement  of  science"  (p.  85). 

Thus,  for  the  sake  of  the  complete  elimination  of  any  confusion  of  the  concepts 
of  atom  position  and  chemical  structure,  A.M. Butlerov  Is  even  ready  to  accept  the 
temporary  exclusion  of  the  former  concept  from  discussions  of  molecular  structure. 

In  1885,  A.M. Butlerov  sets  forth  his  most  complete  definition  of  the  concept  of 
chemical  structure.  In  his  paper  on  "Chemical  structure  and  the  ’substitution 
theory’  "s 

”1)  We  are  fully  entitled  to  speak  of  the  chemical  Interrelationship  between 
atoms  within  a  molecule  as  something  real.  Putting  to  one  side  the  problem  of  the 
nature  of  this  Interrelationship  and  all  spatial  notions,  we  agree  to  call  It  by 
the  name  of  ’compound’  or  ’bond’. 

’’2)  It  Is  only  by  some  difference  In  this  Interrelationship  (a  difference  In 
the  manner  of  the  ’bond’)  that  the  phenomenon  of  Isomerism  can  be  explained... 

’’3)  The  difference  defined  above  Is  something  constant,  residing  In  the  mole¬ 
cule.  l.e..  It  Is  actually  present  In  It.  constituting  an  Inalienable  and  character¬ 
istic  part  of  It.  It  Is  this  very  part,  l.e. .  the  definite  kind  of  ’bond’  between 
the  atoms,  that  we  call  constitution  or  structure  and  that  we  have  to  deal  with 
when  discussing  Isomers.  Moreover,  the  facts  support  the  view  that  the  difference 
In  the  structure  of  Isomers  involves  a  differing  distribution  of  the  ’bonds’  between 
the  atoms  within  the  molecule.  It  is  the  distribution  of  ’bonds’  between  the  atoms 
In  a  molecule  that  has  been  given  the  name  of  ’chemical  structure’  "  (p.  i»-4-5-^6). 

Here,  basing  himself  on  his  discovery  of  the  agreement  between  the  number  of 
possible  Isomeric  formulas  for  chemical  structure  and  the  number  of  real  isomeric 
substances,  A.M. Butlerov  categorically  asserts  that  the  idea  of  chemical  structure 
as  determined  for  each  substance  by  the  order  of  the  chemical  bond  between  the  atoms 
within  Its  molecule  is  not  a  hypothesis,  but  rather  a  true  reflection  of  a  most 
important  supramechanical  rule  (putting  aside  spatial  relations)  that  applies  to 
chemical  phenomena.  Here  the  concept  of  the  chemical  bond  appears  as  some  singular 
combining-chemical  relationship  between  the  atoms  within  a  molecule  that  Is  quali- 
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tatively  different  from  the  general  spatial-force  (mechanical)  relationship  of  the 
atoms  c 

Expanding  this  latter  thought,  A.M„Butlerov  feels  he  has  to  clearly  distinguish 
the  concept  of  chemical  structure  from  the  concept  of  the  mutual  influences,  or  the 
force  interrelationships,  of  the  atoms  within  the  molecule.  With  this  in  mind,  A.M. 
Butlerov  points  out  the  qualitative  difference  in  the  mutual  influences  of  atoms 
that  are  linked  directly  and  indirectly— that  between  atoms  that  are  linked  together 
indirectly  "the  relationship  we  have  called  a  'bond*  union... is  not  present .. .this 
influence  will  be  one  of  another  kind —  we  may  call  it  the  mutual  Influence  between 
atoms  that  are  not  directly  linked  together"  (p.  451-^52) » 

It  is  evident  that  A.M. Butlerov  again  and  again  stresses  the  supramechanical 
meaning  of  the  concept  of  chemical  structure.  This  concept  is  not  equivalent  to  the 
concept  of  the  spatial  relationships  of  the  atoms  nor  to  the  concept  of  force  rela¬ 
tionships--"  mutual  influences.”  It  is  clear  to  A.M. Butlerov  that  spatial  and 
force— mechanical^—relationshlps  are  present  to  a  greater  or  lesser  degree  among  all 
atoms — within  a  molecule  as  well  as  between  molecules,  i.e. ,  they  are  universal 
relationships.  What  is  more,  his  discovery  of  the  equivalence  of  the  number  of 
possible  chemical  structural  formulas  to  the  number  of  real  substances  convinced 

A. M. Butlerov  that  these  formulas,  as  true  reflections  of  molecular  structure,  furn¬ 
ish  direct  evidence  of  the  qualitative  difference  between  the  relationships  of 
various  atoms. 

Thus,  A.M. Butlerov  exhaustively  describes  the  fundamental  distinction  between 
his  concept  of  chemical  structure  and  the  concepts  of  space  or  force  interrelation¬ 
ships  of  the  atoms  within  molecules— the  concept  of  a  mechanical  molecular  state. 

All  of  A.M, Butlerov ' s  creative  work  is  permeated  by  the  idea  of  the  irreduc- 
ibillty  of  chemical  structure  to  a  mechanical  state  and  by  the  idea  of  the  decisive 
importance  of  supramechanical  laws  in  chemical  phenomena.  To  say  that  this  idea  is 
of  minor  importance  in  A.M. Butlerov’s  theory  of  chemical  structure,  as  is  done  by 

B,  A. Kazansky  and  G.Y. Bykov,  is  a  crude  distortion  of  Butlerov’s  theory. 


Not  only  do  B„ A. Kazansky  and  G.V. Bykov  distort  A.M. Butlerov’s  theory,  but  they 
Immeasurably  minimize  the  practical  and  philosophical  significance  of  this  theory. 

At  the  close  of  the  second  citation  from  the  article  by  B. A. Kazansky  and  G.V.Bykov 
cited  above,  they  say  that  although  Butlerov's  concept  of  chemical  structure  was  a 
false  one,  it  nevertheless  was  ’’substantial  step  forward,"  since  it  "demarcated 
the  real  goal  of  the  development  of  organic  chemistry— the  establishment  of  the 
chemical  structure  of  organic  compounds.’’ 

Everything  is  in  confusion  in  this  evaluation.  The  real  goal  of  the  develop¬ 
ment  of  organic  chemistry  is,  of  course,  not  "the  establishment  of  the  chemical 
structure  of  organic  compounds, "  but  mastering  the  laws  of  chemical  motion  in  nature 
and  guiding  this  motion  in  directions  useful  to  man.  Evidently,  B. A. Kazansky  and 
G.V.Bykov  are  not  speaking  of  the  goal  of  the  development  of  organic  chemistry,  but 
of  the  method  of  its  development.  Kazansky  and  Bykov  state  that  A.M.Butlerov' s 
erroneous  concept  of  chemical  structure  proved  to  be  useful  notwithstanding,  since 
it  led  to  the  discovery  of  the  most  important  method  in  the  development  of  organic 
chemistry— the  method  of  establishing  the  structure  of  organic  compounds  from 
their  chemical  properties  (cf .  the  quotations  at  the  beginning  of  this  article.) 

This  definition  of  the  most  important  method  in  the  development  of  organic 
chemistry  is  just  as  untrue  as  all  the  rest.  The  most  important  method  in  the 
development  of  organic  chemistry  is  not  the  establishment  of  the  structure  of  org¬ 
anic  compounds  from  their  chemical  properties,  but  an  understanding  of  the  laws  of 
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chemical  structure  in  the  multiplicity  of  organic  compounds  and  thus  predicting 
hitherto  unknown  substances „  It  is  precisely  in  their  search  for  the  causes  gov¬ 
erning  the  possible  existence  of  molecules  of  various  atomic  composition,  as  well 
as  the  possible  existence  of  a  certain  multiplicity  of  compounds  of  the  same  atomic 
composition,  that  chemists  have  discovered  the  rules  of  valence  numbers,  of  the 
octet,  the  tetrahedron,  coordination  numbers,  coordination,  the  octahedron,  asym¬ 
metry,  free  rotation,  and  shared  and  unshared  doublets,  the  combination  of  which 
has  built  up  chemists'  knowledge  of  the  rules  governing  the  chemical  structure  of 
molecules.  Formulas  for  chemical  structure  subordinated  to  the  foregoing  rules 
proved  to  be  excellent  tools  to  express  and  predict  the  individual  multifarious¬ 
ness  of  substances.  As  for  the  "method  of  determining  the  structure  of  substances 
from  their  properties"  or  vice  versa,  this  method  plays  a  subordinate  role  in  the 
development  of  organic  chemistry— the  feasibility  of  using  this  method  depends  upon 
the  securing  of  information  on  the  laws  of  chemical  structure  by  the  first  method. 

In  their  pax)er,  B.A.Kazansky  and  G.V. Bykov  depict  A.M.Butlerov' s  theoretical 
concept  as  a  sort  of  collection  of  opinions  without  any  clear  logical  connection 
between  them.  As  a  result,  they  have  been  unable  to  provide  a  correct  estimate  of 
A.M.Butlerov' s  theory  of  chemical  structure. 

Let  us  briefly  examine  the  history  of  the  origin  and  the  contents  of  A. M. But¬ 
lerov's  theoretical  ideas. 

We  know  that  structural  formulas  were  written  long  before  A.M.Butlerov,  Depict¬ 
ing  the  valency  of  atoms  by  lines  and  connecting  the  lines  together,  chemists  ex¬ 
plained  why  atoms  do  not  combine  in  any  quantitative  proportions  within  molecules, 
but  only  in  certain  ones.  But  the  metaphysical  thinking  of  the  chemists  of  the 
time  contained  no  other  notion  of  molecules  than  that  of  mechanical  aggregates  of 
atoms  coupled  in  space.  Structural  formulas,  directly  expressing  some  peculiar 
supramechanical  interaction  between  atoms  linked  together  by  valence  bonds,  were 
regarded  as  convenient  tools  for  expressing  ways  of  securing  chemical  properties  or, 
possibly,  the  distribution  of  atoms  within  molecules,  but  no  one  belle»ved  that  they 
had  any  real  meaning.  The  tool  that  was  fated  to  become  the  most  important  tool  In 
chemical  science  was  ready  to  hand,  even  though  in  an  extremely  crude  form.  Yet 
they  did  not  know  how  to  use  it. 

This  knowledge  was  discovered  by  A.M.Butlerov.  In  his  study  of  isomerism, 
Butlerov  discovered  that  the  number  of  possible  structural  formulas  corresponded  to 
the  numerical  multiplicity  of  the  real  substances.  He  concluded  that  structural 
formulas  are  not  convenient  fictlve  symbols,  but  true,  single-valued  expressions  of 
real  molecules.  Hence,  the  atoms  in  real  molecules,  in  exact  conformity  witn  the 
structural  formulas,  are  governed  not  only  by  general  space-force  (mecjianical) 
relationships,  but  also  by  some  special,  supramechanical  connecting-chemical  rela¬ 
tionships.  Hence,  molecules  are  not  mechanical  aggregates  of  atoms,  but  chemical 
compounds  subordinated  to  some  supramechanical  laws.  Hence,  the  concept  of  mole¬ 
cular  constitution  as  the  arrangement  of  a  molecule’s  atoms  in  space  must  be  trans¬ 
formed  into  the  concept  of  the  chemical  structure  of  a  molecule  as  a  precisely 
defined  sequence  of  chemical  bonds  between  the  atoms  within  the  molecule.  Hence, 
chemical  structure  is  the  most  important,  fundamental,  characteristic  feature  of  a 
molecule's  nature,  playing  a  decisive  part  in  determining  its  si>eclfic  diversity 
and  xjroperties.  Hence,  the  chemical  structure  formulas  may  be  used  as  a  powerful 
tool  for  expressing  and  predicting  the  sxjeciflc  diversity  and  properties  of  sub¬ 
stances.  These  are  the  theoretical  notions  of  A.M.Butlerov  as  a  whole. 

It  follows  from  an  examination  of  this  concept  that  A.M.Butlerov' s  achievements 
8Lre  not  confined  to  the  "fortuitous”  discovery  of  ”a  method  of  establishing  struc¬ 
ture  from  the  chemical  properties  of  substances,  ”  Actually,  A.M.Butlerov  discovered 
the  most  Important  method,  described  above,  of  perceiving  the  laws  of  chemical 
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structure  from  the  diversity  of  substances,  comprehended  the  significance  of  struc¬ 
tural  formulas  as  true  reflections  of  molecules,  and  showed  how  to  use  them  as  tools 
for  expressing  and  predicting  the  specific  diversity  and  properties  of  substances. 

This  does  not  exhaust  the  contributions  of  A. M. Butlerov  to  the  development  of 
chemical  theory.  With  his  concept  of  supramechanical  chemical  structure,  A.M.But- 
lerov  was  able  to  overcome  the  metaphysical  mode  of  thought  of  the  chemists  who  were 
his  contemporaries  and  thus  to  establish  the  only  creative  dialectical-materialist 
view  of  the  nature  of  chemical  phenomena.  In  retaining  the  epithet  of  dialectical 
materialist  for  A.M. Butlerov  while  asserting  that  by  now  Butlerov's  concept  of 
chemical  structure  is  equivalent  to  the  concept  of  the  arrangement  of  atoms  in 
space,  BoA, Kazansky  and  GoVoBykov  have  themselves  endorsed  mechanism. 


B.AoKazansky  and  GoV. Bykov  do  not  adduce, nor  can  they  (since  there  are  none), 
any  convincing  arguments  to  prove  that  in  the  light  of  modern  science  the  concept 
of  chemical  structure  bolls  down  to  the  concept  of  mechanical  state.  Regarding 
molecules  as  some  sort  of  mechanical  aggregates  of  electrons  and  nuclei,  B.A, 

Kazansky  and  G.V.Bykov  bypass  the  question  of  why  these  "aggregates”  are  incom¬ 
parably  fewer  than  the  number  of  arrangements  of  electrons  and  nuclei  that  are 
efficient  from  the  standpoint  of  energy.  Rejecting  the  supramechanical  laws  of 
molecular  structure  as  governing  the  real  diversity  of  molecules  and  unable  to 
explain  this  multiformity  on  the  basis  of  mechanical  notions,  Kazansky  and  Bykov 
take  an  agnostic  position.  The  laws  of  chemical  structure  take  on  the  significance 
of  something  handed  down  from  above— unknowable. 

By  way  of  proving  the  correctness  of  the  mechanical  concept  of  chemical  struc¬ 
ture,  Kazansky  and  Bykov  simply  refer  to  the  alleged  point  of  view  of  contemporary 
chemists.  Most  contemporary  chemists,  however,  regard  structural  formulas  not 
merely  as  conventional  and  inexact  expressions  of  interatomic  distances  and  bond 
angles  within  molecules,  but  rather  as,  above  all,  direct  and  accurate  expressions 
of  the  order  of  the  chemical  bond  linking  atoms  within  real  molecules,  l.e. „  in  the 
sense  of  the  Butlerov  theory  of  chemical  structure.  By  "contemporary  chemists'’ 
Kazansky  and  Bykov  apparently  mean  only  the  adherents  of  the  me somer ism-resonance 
theory  of  Ingold  and  laullng,  whose  concept  of  chemical  structure  is  the  same  as  the 
mechanical  concept  of  Kazansky  and  Bykov. 

The  article  by  Kazansky  and  Bykov  is  useful  in  that  it  provides  an  opportunity 
for  defining  certain  important  positions  in  the  current  discussion  on  the  problems 
of  chemical  structure.  Until  recently,  our  domestic  supporters  of  the  theories  of 
Ingold  and  Baullng  nave  categorically  rejected  the  contrast  between  the  theory  of 
chemical  structure  and  tne  me somer ism-resonance  theory  given  by  me  (in  my  Outline  of 
the  theory  of  organic  chemistry.  19^9)  based  upon  the  differences  in  the  concepts  of 
chemical  structure  employed  in  these  theories.  In  their  articles,  the  "contemporary 
chemists"  constantly  alleged  that  considering  structural  formulas  as  nothing  but 
inexact  expressions  for  the  spatial  relationships  between  atoms  (or  electrons  and 
nuclei)  within  molecules  is  in  full  agreement  with  the  meaning  A.M. Butlerov  gave  them. 

Against  the  background  of  Butlerov’s  own  definitions  of  the  concept  of  chemical 
structure  set  forth  in  the  one-volume  edition,  Kazansky  and  Bykov  have  been  compelled 
to  acknowledge  that  this  concept  of  chemical  structure  does  not  agree  with  that  held 
by  "contemporary  chemists."  This  illustrates  the  correctness  of  the  above-mentioned 
contradiction  set  forth  by  me.  At  the  same  time  it  Indicates  that  inasmuch  as  the 
concept  of  chemical  structure  held  by  "contemporary  chemists"  is  incompatible  with 
A.M.Butlerov’s  concept  of  chemical  structure,  their  claims  to  be  his  Intellectual 
heirs  are  out  of  place.  Their  concept  of  chemical  structure  agrees  with  the  views 
of  A.M.Butlerov’s  opponents,  and  they  are  the  latter’s  intellectual  heirs. 
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Seeing  that  this  uncomfortable  state  of  affairs  might  be  discovered,  the  “con¬ 
temporary  chemists"  are  trying  to  find  some  way  out  of  the  situation.  Their  last 
achievement  In  this  direction  Is  the  above-mentioned  report  of  the  Commission  of  the 
Division  of  Chemical  Sciences  of  the  USSR  Academy  of  Sciences  to  the  Conference  on 
the  Problems  of  Chemical  Structure  convened  by  the  Division  of  Chemical  Sciences. 

The  report  states s  "The  concept  of  chemical  structure  Introduced  by  Butlerov  by  no 
means  bolls  down  to  a  notion  concerning  the  arrangement  of  atoms  and  the  distribution 
of  bonds  within  a  molecule.  Butlerov  repeatedly  stressed  the  need  for  taking  the 
existence  of  mutual  Influences  between  the  Individual  atoms  and  groups  of  atoms 
within  the  molecule  Into  account"  (p.  6  of  the  Report). 

All  of  this.  It  Is  clear,  has  nothing  to  do  with  the  Butlerov  definition  of 
chemical  structure,  which  Butlerov  distinguished  sharply  from  the  concepts  of  the 
'^arrangement "  and  the  "mutual  Influence"  of  atoms  within  molecules,  from  the  con¬ 
cept  of  the  space  and  force  (mechanical)  relationships  between  atoms  within  mole¬ 
cules.  The  Commission  combines  the  concept  of  the  distribution  of  bonds  with  the 
concepts  of  the  arrangement  and  mutual  Influence  of  atoms  Into  a  single,  allegedly 
Butlerovlan,  concept  of  chemical  structure  In  order  to  reduce  the  former— supra- 
mechanlcal— concept  to  the  latter— mechanical- -one.  As  a  result  of  this  combina¬ 
tion,  the  concept  of  the  distribution  of  bonds  acquires  the  meaning  of  the  distribu¬ 
tion  of  the  most  significant  space-force  Interactions  between  atoms,  while  the 
chemical  bond  becomes  nothing  but  a  quantitative  species  of  the  universal  general 
mechanical  Interrelationships  between  atoms.  The  concept  of  chemical  structure  Is 
reduced  to  the  status  of  the  mechanical  concept  of  the  arrangement  of  atomic  nuclei 
and  electronic  density  within  molecules.  The  sole  difference  between  the  concept 
of  chemical  structure  held  by  B. A. Kazansky  and  G.V. Bykov,  on  the  one  hand,  and  that 
held  by  the  Commission  of  the  Division  of  Chemical  Sciences  Is  that  In  the  latter 
the  concept  of  chemical  structure  Is  not  rejected  outright,  but  Is  reduced  to  the 
level  of  the  concept  of  mechanical  state— In  a  cautious  form.  This  permits  the 
"contemporary  chemists"  to  maintain  for  the  time  being  their  version  that  their 
views  are  In  conformity  with  the  Butlerov  theory. 


II.  New  Achievements  of  A.  M.  Butlerov's  Theory  of  Chemical  Structure 

As  we  have  Indicated  above,  the  Butlerov  method  of  learning  the  laws  of  chem¬ 
ical  structure  from  the  multiformity  of  substances  was  the  method  of  development  of 
the  theory  of  organic  chemistry.  That  Is  how  A. M. Butlerov  established  the  struc¬ 
tural  theory,  and  that  has  been  how  It  evolved  subsequently.  The  discovery  of 
excess  substances  over  the  number  of  possible  structural  formulas  led  to  the  evo¬ 
lution  of  the  structural  theory  Into  the  stereochemical  theory  with  Its  tetrahedron 
and  free  rotation  rules.  The  discovery  of  the  multiformity  of  substances  that  did 
not  fit  Into  the  framework  of  the  rules  of  valence  numbers  and  the  tetrahedron  led 
to  the  evolution  of  the  structural  theory  Into  the  coordination  theory  with  Its 
rules  of  coordination  numbers  and  the  octahedron.  The  discovery  of  Ions  and  radic¬ 
als,  electrolytes  and  non-electrolytes,  resulted  In  the  evolution  of  the  structural 
theory  Into  the  electronic  theory.  In  which  the  notion  of  two  kinds  of  chemical 
bonds  was  advanced;  covalent  bonds,  formed  by  the  sharing  of  an  electron  pair  In  a 
two-atom  orbit  and  governed  by  the  valence  number,  octet,  and  tetrahedron  rulesj 
and  electrovalent  bonds,  formed  without  the  sharing  of  an  electron  pair  In  a  diatomic 
orbit  (the  duplet  remaining  within  the  valency  shell  of  a  single  atom)  and  governed 
by  the  coordination  number,  coordination,  and  octahedron  rules.  The  structural, 
projection,  coordination,  and  electronic  formulas  of  these  theories  proved  adequate 
for  expressing  and  predicting  all  the  known  multiformity  and  properties  of  molecules. 

During  the  evolution  of  the  structural  theory  Into  the  above-mentioned  theories 
we  learned  how  much  the  mechanical  state  of  molecules  depended  upon  their  chemical 


423 


structure.  The  tetrahedron  and  octahedron  rules,  discovered  chemically  (by  means  of 
the  Butlerov  method  described  above),  explained  the  way  In  which  the  bond  angles  In 
molecules  depended  upon  the  way  In  which  the  atoms  were  linked  together.  New  physi¬ 
cal  methods  made  It  possible  to  measure  the  bond  angles  and  Interatomic  distances 
directly,  thus  confirming  the  foregoing  rules  that  had  been  discovered  chemically 
and  adding  to  them  the  rules  governing  the  variation  of  the  bond  lengths  (the  Inter¬ 
atomic  distances)  with  the  nature  and  multiplicity  of  the  bonds.  The  discovery  of 
these  ways  In  which  mechanical  state  Is  a  function  of  chemical  structure  has  made 
the  chemical  structure  formula  suitable  for  judging  the  arrangement  of  the  atoms 
within  a  molecule. 

It  Is  obvious  that  as  a  result  of  all  this  the  chemical  structure  formula  has 
not  remained  the  same.  It  has  retained  the  significance  of  a  direct  and  true  re¬ 
flection  of  the  sequence,  order  (In  the  configuration  sense),  multiplicity,  and 
manner  of  chemical  bonding  of  the  atoms  within  the  molecule.  Neither  the  structural 
formula  nor  the  projection,  nor  the  coordination,  nor  the  electronic  formula  ex¬ 
pressed  anything  else  directly.  Judgments  from  this  formula  concerning  the  methods 
of  synthesis,  the  mechanical  state,  and  the  properties  of  a  molecule  are  mediated  by 
our  Information  concerning  tneir  dependence  upon  chemical  structure.^) 

Unfortunately,  the  neglect  of  A.M. Butlerov ' s  theory  and  Ignorance  of  the  history 
of  the  development  of  structural  problems  has  made  it  possible  for  ’'contemporary 
chemists"  to  see  In  the  chemical  structure  formulas  nothing  but  expressions  of  the 
mechanical  state  of  molecules.  When  the  "contemporary  chemists"  learned  that  there 
existed  a  supramechanlcal  concept  of  chemical  structure  due  to  A.M, Butlerov,  they 
regarded  it  as  merely  outmoded  nonsense.  They  did  not  take  the  trouble  to  reflect 
that  the  formulas  of  chemical  structure  were  governed  by  rules  determining  the  local¬ 
ization  of  electron  orbits  in  one  or  two  atoms,  the  rules  of  valence  and  coordination 
numbers,  the  tetrahedron  and  octahedron  rules,  the  octet  and  coordination  rules,  the 
rules  of  free  and  restricted  motion  of  atoms  in  space— rules  that  are  not  explainable 
from  the  mechanical  standpoint.  They  did  not  take  into  consideration  the  fact  that 
the  reality  of  the  supramechanlcal  rules  of  molecular  structure  set  forth  in  these 
rules  has  been  corroborated  by  the  practical  employment  of  formulas  based  upon  these 
rules  In  predicting  hundreds  of  thousands  of  hitherto  unknown  molecules.  The  "con¬ 
temporary  chemists"  regarded  the  chemical  structure  formulas  merely  as  some 
unknowable,  conceptual  standards  of  energetically  efficient  arrangements  of  atomic 
nuclei  and  electron  densities  within  atoms. 

In  this  scheme  everything  was  very  highly  oversimplified.  They  regarded  the 
molecule  as  an  electronic-nuclear  aggregate  whose  properties  were  determined  by  its 
mechanical  state.  Once  they  ignored  the  rules  of  chemical  structure  specified  above, 
the  possibility  arose  of  "explaining"  the  various  discrepancies  between  the  chemical 
structure  formulas  and  tne  experimental  data  on  the  arrangement  of  the  nuclei  and  the 
electron  density  within  the  molecules  or  on  the  properties  of  molecules  by  some  sort 
of  shifts  of  the  nuclei  and  electron  densities  in  molecules  from  conceptual  standards. 
In  the  Ingold  formulas,  shifts  of  this  sort  are  represented  by  bent  arrows,  while  the 
Pauling  formulas  represent  tnem  by  superposing  several  standards. 

Equipped  with  these  formulas,  the  me somer ism-resonance  theory  entered  chemistry 
flying  the  flag  of  the  mechanistic  postulate  of  the  delocalization  of  electrons  and 
bonds  within  molecules,  setting  forth  the  fictitiousness  of  the  classical  formulas  of 
chemical  structure  with  their  single-valued,  localized  electron  orbits  and  chemical 
bonds . _ 

^')  Within  the  confines  of  the  known  ways  in  which  mechanical  state  is  a  function 
of  chemical  structure,  there  still  is  an  infinity  of  mechanical  states  corresponding 
to  each  chemical  structure  formula  and  differing  in  the  arrangement  of  the  nuclei 
about  the  axis  of  free  rotation  and  in  the  polar  distributions  of  electron  density 
about  the  nuclei. 
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As  might  have  been  expected,  the  mechanical  mesomer ism-resonance  theory  proved 
to  be  practically  sterile o  Its  viability  is  due  solely  to  the  possibility  discovered 
within  the  Ingold  and  Pauling  formulas  of  parasltically  employing  the  stipulatedly 
fictitious  formulas  of  chem.ical  structure  in  their  usual  real  meaning.  It  is  appar¬ 
ent  that  an  approach  of  this  sort  has  no  practical  advantages.  All  it  does  is  to 
make  the  multiformity  and  properties  of  molecules  depend  upon  fictions— the  real 
molecules  and  the  properties  turn  out  to  be  products  of  the  mind.  The  mechanism 
inevitably  evolves  into  the  idealism  of  Machian  doctrine. 


The  methodological  defectiveness  of  the  mesomer ism-resonance  theory  is  due  to 
the  concept  of  mesomerism  that  lies  at  the  core  of  the  theory,  i.e. ,  the  intermediate 
structure  of  real  molecules  when  compared  to  ideal  standards.  It  is  upon  this  con¬ 
cept  that  the  methods  of  expressing  real  structures  employed  in  the  Ingold  and  Paul¬ 
ing  formulas  are  baseds  via  "  fictitious  formulas,"  which  are  then  used  in  their 
real  meaning, 

A  subsidiary  role  is  played  by  the  notion  of  resonance  or  disturbance,  l.e. . 
some  "phenomena,"  involving  an  increase  in  energy,  that  cause  a  shift  of  the  nuclei 
and  the  electron  density  from  the  ideal  standards.  These  concepts  make  visible  the 
reality  of  the  allegedly  fictitious  formulas  and  thus  facilitate  their  parasitical 
use  in  their  real  significance. 

The  report  of  the  Commission  of  the  Division  of  Chemical  Sciences  referred  to 
above  is  curious  because  of  the  way  in  which  the  commission,  while  acknowledging  the 
practical  sterility  and  methodological  defectiveness  of  the  mesomer ism-resonance 
theory,  contrives  to  rescue  it  intact  and  whole. 

The  commission  criticizes  the  mesomerlsm-resonance  theory  in  so  far  as  reso¬ 
nance  and  perturbation  are  concerned.  The  commission  correctly  points  out  that 
Inasmuch  as  the  chemical  structure  formulas  used  in  the  Ingold  and  Pauling  formulas 
are  fictitious,  the  concepts  of  resonance  or  perturbation  phenomena  in  the  struc¬ 
tures  corresponding  to  these  formulas  are  likewise  fictitious.  The  commission  pro¬ 
poses  that  the  concepts  of  resonance  and  perturbation  be  discarded  from  the  Ingold 
and  Pauling  formulas,  and  that  these  formulas  be  considered  simply  as  expressions  of 
real  arrangements  of  nuclei  and  electron  density  as  compared  with  conceptual  stan¬ 
dards — comparative  abstractions  (p,  38  of  the  report). 

But  how  can  we  then  explain  the  reason  for  the  shift  of  nuclei  and  electron 
densities  away  from  the  standards  in  real  molecules?  The  way  out  of  the  impasse 
was  found  in  the  concept  of  mutual  influence.  The  commission  explains  this  shift  as 
due  to  the  phenomena  of  mutual  influence  in  the  ideal  standards,  which  is  accompanied 
by  an  Increase  in  energy.  But  there  cannot  be  any  real  phenomena  in  conceptual 
standards  I 

The  ring  has  been  closed.  The  commission  does  not  realize  it  only  because  it 
has  no  doubt  about  the  reality  of  the  concept  of  mutual  influence.  It  is  obvious 
that  this  concept,  which  has  been  widely  used  by  chemists  for  a  long  time  to  explain 
singularities  in  the  properties  of  molecules,  is  not  without  real  meaning.  But 
concepts  are  not  real  by  and  of  themselves,  but  only  in  connection  with  the  phenom¬ 
ena  that  they  reflect.  The  concepts  of  resonance  and  of  perturbation  are  likewise 
real  in  their  proper  place.  They  become  fictitious  only  in  the  sense  of  phenomena 
occurring  in  conceptual  standards.  In  the  same  manner,  the  concept  of  mutual  influ¬ 
ence,  though  a  more  "chemical"  notion,  is  just  as  fictitious  as  the  concepts  of 
perturbation  and  resonance  when  used  to  refer  to  phenomena  occurring  in  conceptual 
standards . 

The  commission’s  desire  to  save  the  mesomerlsm-resonance  theory  is  so  strong 
that  it  deems  it  possible  to  eliminate  the. practical  sterility  and  methodological 
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defectiveness  of  Ingold's  and  Pauling's  theory  simply  by  substituting  the  words 
"mutual  influence"  for  "resonance”  or  "perturbationo  "  We  must  acknowledge  the 
inventiveness  of  the  "contemporary  chemists"  in  their  efforts  to  evade  the  necessity 
of  admitting  their  errors „  But  one  might  have  expected  something  more  substantial 
from  the  report  of  the  Commission  of  the  Division  of  Chemical  Sciences  of  the  USSR 
Academy  of  Sciences, 


AcMoButlerov  wrote?  "ooothe  facts  that  are  not  explainable  by  existing  theories 
are  most  valuable  for  science,  and  the  development  of  the  latter  in  the  near  future 
must  be  expected  to  result  principally  from  the  exploration  of  these  facts"  (po425)o 

Recent  facts  of  this  sort  in  organic  chemistry  have  been  the  experimental  data 
secured  by  physical  methods  that  doubtless  indicate  a  discrepancy  between  the  gen¬ 
erally  accepted  formulas  for  conjugated  compounds  (Including  the  aromatics)  and 
the  actual  mechanical  state  of  their  molecules.  The  exceptionally  great  importance 
of  these  findings  is  illustrated  by  the  fact  that  there  are  hundreds  of  thousands 
of  conjugated  compounds,  constituting  a  large  proportion  of  all  organic  substances. 

It  cannot  be  said,  of  course,  that  chemists  have  been  wholly  satisfied  with  the 
generally  accepted  formulas  for  conjugated  compounds,  such  as  Kekule’s  formula  for 
benzene,  even  before  the  publication  of  these  findings.  Such  formulas  did  not 
allow  for  the  absence  of  the  isomeric  ortho  disubstitution  derivatives  of  benzene, 
the  saturation  of  aromatic  rings,  the  orientation  phenomena  of  benzene-ring  sub¬ 
stitutions,  the  orientation  phenomena  of  additions  to  conjugated  systems,  and  for 
many  other  ""singularities”  of  conjugated  systems,  grouped  under  the  general  concept 
"of  an  aromatic  nature.” 

There  was  no  urgent  need  for  replacing  the  generally  accepted  formulas  by  new 
ones.  Even  if  we  ignore  for  the  moment  Kekule's  oscillatory  hypothesis,  the  ab¬ 
sence  of  any  ortho  dlsubstitutlon  derivatives  of  benzene  might  be  explained  as  due 
to  the  instability  of  the  second  Isomer — its  pseudomeric  relationship  to  the  first 
one.  Even  if  we  ignore  the  hypothesis  of  alternating  polarity,  the  orientating 
properties  of  conjugated  systems  might  be  explained  as  due  to  the  production  of 
ionized  quinone  structures  that  were  pseudomers  of  the  usual  ones  in  the  reactions. 

In  this  manner  the  major  discrepancy  could  be  explained  away  within  formulas  with 
localized  orbits  and  within  the  concept  of  tautomerism  (pseudomerism) . 

The  situation  was  not  so  good  Insofar  as  the  findings  on  the  stability  or 
saturation  of  conjugated  systems  were  concerned.  To  explain  these  findings  they 
had  recourse  to  Thiele’s  formula,  which  crudely  violated  the  valence  and  octet 
rules.  It  is  curious  that  the  practical  importance  of  Thiele’s  formula  was  con¬ 
fined  to  this  merely  episodic  role,  the  usual  formulas  continuing  to  be  employed 
in  representing  molecules  and  reactions.  The  lack  of  faith  in  Thiele's  formulas 
was  so  great  that  even  the  concept  of  conjugation  did  not  acquire  its  sole  possible 
real  meaning — a  continuous  multiplicity  of  bonding  between  the  atoms  of  conjugated 
systems--but  retained  a  purely  formal  content  that  explained  none  of  their  singu- 
larities--an  alternation  of  single  and  multiple  bonds  in  conjugated  systems.  In 
essence,  chemists  associated  the  notion  of  the  alternation  of  single  and  multiple 
bonds  with  various  singularities  in  the  properties  of  substances  and  simply  Ignored 
the  problem  of  the  origin  of  these  singular it ies<  of  an  aromatic  nature,  and  so  forth. 

The  exceptional  importance  of  the  above-mentioned  findings,  secured  by  physical 
methods,  lies  in  the  fact  that  they  have  made  evident  the  continuous  multiple  bonding 
of  atoms  in  conjugated  systems.  The  substitution  of  new  formulas  that  directly  ex¬ 
press  the  continuous  multiple  bonding  of  the  atoms  in  conjugated  systems  for  the 
generally  accepted  formulas  for  conjugated  compounds,  witR  their  alternating  single 
and  multiple  bonds,  has  become  obvious. 


As  will  be  shown  below,  these  new  formulas  can  be  found  within  the  framework 
of  the  Butlerov  theory  of  chemical  structure.  Regrettably  enough,  the  Butlerov 
theory  has  been  forgotten,  and  it  is  the  mechanistically  minded  " contemporary  chem¬ 
ists"  who  have  busied  themselves  with  the  search  for  new  formulas. 


The  "contemporary  chemists"  have  made  use  of  the  data  obtained  by  physical 
methods  to  proclaim  the  fictitiousness  of  the  chemical  structure  formulas  and  to 
affirm  the  correctness  of  the  Thiele  formulas,  with  their  delocalized  orbits  and 
bonds.  It  was  soon  found,  however,  that  the  Thiele  formulas  were  of  no  use  in 
explaining  the  orientating  properties  of  conjugated  systems.  It  was 
the  Ingold  and  Pauling  formulas  that  managed  to  "  eliminate"  this 
contradiction.  These  formulas  made  it  possible  to  continue  using 
the  previous  chemical  structure  formulas  to  describe  the  properties 
of  conjugated  systems.  The  convenience  of  the  Ingold  and  Pauling 
formulas  lay  in  the  fact  that  in  explaining  the  "equalization"  of 
the  bonds  and  the  "decrease"  of  energy  in  conjugated  systems,  the 
chemical  structure  formulas  entering  into  the  Ingold  and  Pauling 
formulas  could  be  set  down  as  fictions,  wholly  equivalent  to  the  Thiele  formulas, 


This  apparent  way  out  of  the  difficulty  proved  to  be  a  blind  alley.  At 
bottom,  the  episodic  attraction  of  the  concept  of  fictitiousness  plays  the  same 
role  as  that  formerly  played  by  the  episodic  attractiveness  of  the  Thiele  formula. 


The  mesomerism-resonance  theory  does  not  provide  any  new  formulas  for  the 
chemical  structure  of  conjugated  compounds  but  merely  a  modernized  way  of 
circumventing  such  formulas.  All  we  need  do  to  convince  ourselves  of  the  unsatls- 
f actor Iness  of  the  Ingold  and  Pauling  formulas  as  expressions  of  the  structure  of 
conjugated  compounds  is  to  examine  the  mesomerlc  and  resonance  formulas  for 
benzenes 


cpj) 
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Expressing  the  structure  of  benzene  as  a  perturbation,  or  as  a  resonance,  or  as  a 
mutual  Influence  in  the  molecule  of  the  hydrocarbon  cyclohexatriene  does  not 
resolve  the  problem  of  the  structure  of  benzene  but  merely  glosses  over  it. 


As  might  have  been  expected,  the  mechanist  approach  to  the  problem  of  the 
chemical  structure  of  conjugated  compounds  proved  to  be  fruitless.  The  Thiele 
formulas  could  not  reflect  the  findings  on  the  orientating  properties  of  con¬ 
jugated  compounds,  while  the  Ingold  and  Pauling  formulas,  ignoring  "the  facts  that  are 
most  valuable  for  science,”  constituted  a  brake  upon  the  development  of  organic 
chemistry,  no  matter  what  the  trappings  with  which  they  were  presented.^ 


The  new  data  secured  by  physical  methods,  together  with  the  data  on  the 
"singularities"  of  conjugated  systems  that  have  been  common  knowledge  up  to 
now,  must  be  reflected  in  the  new  formulas  for  the  chemical  structure  of 
conjugated  systems  if  these  latter  are  to  encompass  all  the  available  data. 

These  new,  true,  formulas  must  be  a  straightforward  and  single-valued  expression 
of  the  chemical  interrelationships  among  atoms  and  among  atoms,  electrons,  and 
nuclei  within  molecules — the  chemical  structure  of  conjugated  compounds. 

Within  this  framework,  let  us  consider  the  central  problem— the  structure  of 
benzene.  The  only  possible,  and  practically  complete,  formula  for  benzene  on  the 
basis  of  contemporary  electronic  and  nuclear  concepts  is  the  benzene  formula 
—  reproduced  herewith.  This  formula  expresses  the  alternation  of 

..  positively  and  negatively  charged  carbon  atoms  in  the  benzene 

;  *i  ring,  identically  linked  to  each  other  by  double  electrovalent- 

~  covalent  homopolar  bonds.  This  formula  makes  use  of  the  classical 

y _ concept  of  electrovalent  bonds,  established  without  the  sharing  of 

^Mechanism  is  thus  not  merely  the’  gnoseological  root  of  idealism  in  chemistry, 
but  also  hampers  its  development. 


427 


electronic  duplets  in  two»atom  orbits,  so  that  it  does  not  violate  the  rules  of 
the  localization  of  electron  orbits  in  one  or  two  orbits,  of  the  octet,  and  of 
valence  number Sc  This  formula  combines  all  the  experimental  data  on  the 
properties  and  the  mechanical  state  of  benzene,  of  its  analogs,  its  homologs, 
and  its  derivatives „  And,  Lastly,  this  formula,  directly  and  unequivocally 
expressing  the  sequence,  the  multiplicity  and  the  manner  of  the  atomic  bonds, 
fully  conforms  with  the  Butlerov  concept  of  chemical  structure „ 

There  are  three  obstacles  to  the  recognition  and  spread  of  the  formula  cited,, 
The  first  is  of  a  superficial  nature .  Inasmuch  as  the  concept  of  an  electrovalent 
bond  is  usually  associated  with  the  notion  of  bond  polarity,  the  formula  will  be 
regarded  as  failing  to  agree  with  the  presence  of  an  axis  of  symmetry  of  the  sixth 
order  in  the  benzene  molecule o  If  we  bear  in  mind  that  the  plus  and  minus  signs 
in  the  cited  formula  represent  the  atomic  charges  rather  than  the  electron 
distribution,  the  f lrst<=.-»superflcial--obstacle  to  its  adoption  is  eliminated 
a  ut omat 1 cally  o 

The  second  Impediment  is  more  serious.  We  have  to  overcome  the  customary 
notion  of  the  electrovalent  bond  as  that  of  a  polar  bond.  We  have  to  convince 
chemists  of  the  feasibility  of  a  homopolar  electrovalent  bond. 

Notwithstanding  the  apparent  paradoxicality  of  the  concept  of  a  homopolar 
electrovalent  bond,  it  has  a  logical  foundation.  Let  us  start  with  the  classical 
notion  of  an  electrovalent  bond  as  one  formed  by  the  sharing  of  an  electron  pair 
in  a  two-atom  orbit.  Within  this  framework  we  cannot  reject  the  assertion  that 
in  the  formation  of  an  electrovalent  bond  between  two  equally  electronophilic 
atoms  (say,  between  two  carbon  atoms),  the  electron  density  ought  to  be  distributed 
uniformly  owing  to  the  deformation  of  the  electron  shells  of  the  atoms.  There 
remains  the  problem  of  what  may  serve  as  the  cause  of  the  formation  of  an  electro¬ 
valent  bond  between  equally  electronophilic  atoms,  rather  than  a  covalent  bond. 

The  answer  may  be  found  in  a  comparison  of  the  new  formula  for  benzene  with  the 
hexatriene  formula  for  its  pseudomer.  The  six  electrovalent  bonds  doubtless 
represent  an  increase  In  energy  over  three  covalent  bonds.  The  reason  for  the 
formation  of  an  electrovalent  bond  between  equally  electronophilic  atoms  may  be 
the  increase  In  energy  that  accompanies  the  conversion  of  one  covalent  bond  into 
two  electrovalent  bonds.  Thus,  the  concept  of  a  homopolar  electrovalent  bond  is 
not  logical  nonsense.  The  reality  of  this  concept  is  given  by  the  fact  that  it 
is  the  only  one  that  opens  up  the  possibility  of  providing  a  practically  and 
methodologlcaliy  complete  solution  of  the  problem  of  the  structure  of  conjugated 
compounds . 

The  third  obstacle  to  the  adoption  of  the  formula  we  have  cited  is  of  an 
ideological  nature.  The  justification  for  the  concept  of  a  homopolar  electro¬ 
valent  bond  is  founded  upon  the  notion  of  the  supramechanical  phenomenon 
involved  in  the  attachment  of  electrons  to  nuclei.  This  concept  is  in  con¬ 
formity  with  the  Butlerov  concept  of  chemical  structure — the  qualitative 
difference  between  the  relationships  of  linked  and  unlinked  atoms  being  due 
to  the  qualitative  difference  in  the  relationships  between  the  electrons  and 
the  nuclei.  From  the  mechanical  standpoint,  however,  the  attachment  of 
electrons  to  nuclei  is  a  matter  of  the  distribution  of  electron  density  about 
the  nuclei,  so  that  the  notion  that,  in  addition  to  the  general  space-force 
relationships  between  electrons  and  nuclei  within  molecules,  there  exist  some 
other,  peculiarly  combining-chemical  relationships  does  not  enter  the  mind  of 
the  ’ bontemporary  chemists.” 

Decisive  proof  of  the  reality  of  the  notion  of  supramechanical  relationships 
between  electrons  and  nuclei  is  afforded  by  the  fact  that  the  dependable  formulas 
of  chemical  structure,  with  orbits  localized  in  one  or  two  atoms,  which  have  been 
tested  in  a  vast  number  of  experiments,  become  fictions  outside  the  framework  of 
this  notion. 


Inasmuch  as  only  the  Butlerov  affirmation  of  the  truth  of  chemical  structure 
formulas  leads  to  an  understanding  of  the  laws  of  chemical  phenomena  and  to  a 
mastery  of  these  rules  for  practical  ends,  as  the  history  of  the  development 
of  organic  chemistry  has  shown,  it  is  evident  that  the  notion  of  suijramechan- 
ical  relationships  between  electrons  and  nuclei  conforms  to  reality* 

These  are  the  three  obstacles  to  the  adoption  and  the  spread  of  the  benzene 
formula  cited  above.  They  will  be  overcome.  This  formula  deserves  to  live, 
since  it  alone  provides  a  way  out  of  the  practical  and  methodological  blind 
alley  into  which  chemical  theory  has  been  led  by  the  ' '  contemporary  chemists .  " 
The  solution  of  the  problem  of  the  structure  of  conjugated  compounds  provided 
by  this  formula  is  another  splendid  triumph  of  A.  M.  Butlerov's  theory  of 
chemical  structure. 


A.  M.  Butlerov  wrote?  "Now  that  we  have  established  the  major  facts,  it 
will  not  be  wholly  superfluous  to  say  a  few  words  about  a  minor  matter — formula 
notation.  Remembering  that  what  matters  is  not  the  form,  but  the  essence,  the 
concept,  the  idea,  and  bearing  in  mind  that  the  formulas  representing  isomerism 
must  logically  express  actual  molecules,  i.e, ,  certain  chemical  relationships 
existing  within  them,  we  readily  see  that  any  notation  may  be  satisfactory, 
provided  it  satisfactorily  expresses  these  relationships...  If  terms  are  not 
defined  adequately,  however,  another  notation  may  result  in  misunderstandings* 
(p«^55). 

The  notation  comprised  in  the  Ingold  and  Pauling  formulas  has  resulted  in 
a  quandary  pregnant  with  evil  consequences.  The  wide  acceptance  of  the  meso- 
mer ism-resonance  theory  has  been  due  to  the  fact  that  most  chemists  have 
erroneously  taken  the  curved  arrows  in  Ingold's  formulas  to  be  merely  graphic 
symbols  of  the  order  in  which  the  electron  orbits  are  redistributed  during 
reactions,  while  the  double-ended  arrows  of  Pauling's  formulas  have  been  taken 
to  be  merely  graphic  symbols  of  the  tautomeric  and  equilibrium  interrelationships 
of  structures  connected  by  these  arrows.  To  avoid  perplexities,  we  now  have  to 
stop  using  the  Ingold  and  Pauling  formulas.  The  employment  of  curved  and  double- 
ended  arrows  as  graphic  symbols  without  any  mesomer ism-resonance  significance 
should  be  postponed  until  the  Butlerovian  significance  of  chemical  structure 
formulas  has  been  clearly  understood. 

Strange  though  it  may  seem,  the  significance  of  chemical  structure  formulas 
still  remains  unclear.  The  possibility  of  judging  the  methods  of  synthesizing 
substances  and  their  properties  as  well  as  the  mechanical  states  of  molecules, 
from  chemical  structure  formulas  has  created  the  impression  that  these  formulas 
are  the  direct  expressions  of  these  methods,  properties,  and  states.  The 
plurality  or  the  variability  of  the  latter  has  led  to  the  conclusion  that  the 
chemical  structure  formulas  are  Inexact  and  have  to  be  developed  into  Ingold  or 
Pauling  formulas.  The  single-valued  numerical  correspondence  between  the 
formulas  of  chemical  structure  and  the  molecules  is  lost,  and  chemical  theory 
is  transformed  into  a  Machian  scholasticism. 

We  must  understand  the  decisive  significance  of  Butlerov's  principle  of  the 
direct  and  single -valued  representation  of  molecules  for  the  scientific  classi¬ 
fication  of  known  substances  and  the  prediction  of  unknown  ones— for  chemical 
theory.  Butlerov's  idea  of  chemical  structure  has  the  qualities  of  genius 
because  he  was  able  to  find,  among  the  multiform  and  variable  characteristics  of 
molecules,  the  one  major  and  only  invariant  characteristic  that  defines  the 
discreteness  and  specificity  of  the  molecule,  the  loss  of  which  suddenly 
transforms  the  molecule  into  a  different  one.  Butlerov  discovered  the  meaning 
of  a  chemical  structure  formula  as  a  scientific  abstraction  that  truly  and 
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directly  expresses  the  qualitative  definiteness  of  a  molecule  and  thus  converted 
this  formula  into  one  of  the  most  important  tools  for  the  development  of  chemlstryo 

It  must  be  borne  in  mind  that  that  a  chemical  structure  formula  is  not 
abstract  in  the  sense  that  such  a  formula  alone  is  not  enough  to  represent  clearly 
the  given  states  and  properties  of  a  molecule  (that  is  the  meaning  in  which  the 
term  '“'abstraction"  is  employed  in  the  report  of  the  Commission  of  the  Division  of 
Chemical  Sciences),  but  rather  in  the  sense  that  it  directly  expresses  nothing 
but  the  chemical  interactions  of  atoms  with  atoms,  electrons  with  nuclei,  within 
moleculesj  a  chemist's  judgments,  of  given  methods,  properties,  and  states  (or 
conversely)  from  this  formula  are  mediated  by  his  knowledge  of  how  the  latter 
depend  upon  chemical  structure  and  are  governed  by  the  decisive  importance  of 
the  qualitative  definiteness  of  the  molecule  for  all  its  other  multiform  and 
variable  character Istics »  Efforts  to  transform  a  chemical  structure  formula 
into  an  expression  of  multiform  and  variable  mechanical  states  or  chemical 
properties  are  absurd  and  harmful » 

Full  comprehension  of  Butlerov's  idea  of  chemical  structure  is  needed  to 
avoid  the  serious  quandaries  which  result  from  the  Ingold  and  Pauling  formulas „ 


In  conc.lusion,  it  may  be  useful  to  define  the  interrelationships  of  the 
various  theories  aiming  to  solve  the  structural  problemo  The  structural, 
stereochemical,  coordination,  and  electronic  theories,  enriched  with  the 
Butlerov  concept  of  chemical  structure,  constitute  in  the  totality  A.  Mo 
Butlerov's  theory  of  chemical  structurej  therein  lie  the  developments  of  the 
future o  The  'hew  structural  theory"  I  have  advanced  is  nothing  but  a  refine¬ 
ment  of  the  electronic  tneory  in  the  light  of  the  Butlerov  theory  of  chemical 
structure  and  an  endeavor  to  apply  this  theory  to  solve  the  problem  of  the 
structure  of  conjugated  substances, 

AS  for  the  mesomer ism-resonance  theory,  in  all  its  modifications,  it  is 
the  direct  opposite  of  A„  M,  Butlerov’s  theory  of  chemical  structure  and 
represents  nothing  but  an  expression  of  a  mechanistic  viewpoint  in  chemistry, 
an  unscientific  Machian  concept  that  is  sterile  in  practice, 

A,  M,  Butlerov's  theory  of  chemical  structure  resembles  D,  I,  Mendeleev’s 
periodic  system  in  tnat  the  latter  reveals  the  supramechanical  laws  governing 
atomic  structure,  tnus  making  it  possible  to  predict  the  multiformity  and 
properties  of  atoms,  while  the  former  reveals  the  supramechanical  laws  governing 
molecular  structure,  thus  making  it  possible  to  predict  the  multiformity  and 
properties  of  molecules.  The  theories  of  D,  I„  Mendeleev  and  A,  M,  Butlerov, 
in  combination,  provide  a  practically  and  methodologically  complete  solution  of 
the  most  important  problem  of  chemical  theory — the  structural  problem. 


Received  October  1,  1951<, 


450 


UMI 


PAGES  A31-^38  ARE  MISSING  IN  NUMBER  ONLY. 


